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Here’s The 


Maintenance 


Man 


Who Earns a Lot 
More Credit 
Than He Gets 


HE other day I picked up 

a shop house organ of the 
Hygrade Lamp Company of 
Salem, Mass., and got a whole 
lot of satisfaction from a lit- 
tle item about its maintenance 
department and the signifi- 
cance that is attached to the 
maintenance man’s work in 
that plant. It read something 
like this: 

Did you ever give a thought to 
the knowledge that a maintenance 
man must possess? Not only does 
he know how to do all kinds of me- 
chanical and electrical work, such 
as operating a lathe, shaper, drill, 
milling machine and numerous 
other machine appliances, but he 
also knows the strong points and 
weak spots in electrical machines, 
something of the heat treating of 
various kinds of metal; installing 
electrical wiring and equipment one 
day, then working on something 
made of brass, something of asbes- 
tos, fiber, wood or any of the nu- 
merous kinds of stock carried in 
the tool crib. 

Do you know what happens 
when a motor or the machine it 
drives breaks down either through 
negligence, long use, or abuse? 


I’ll tell you. Immediately a.““Rush!” 
order is sent through to the Main- 
tenance Department and, like the 
good doctor who answers all emer- 
gency calls of the sick, the “main- 


# 


tenance man” is on the job to get 
that machine going again as soon 
as possible, so as not to interfere 
with production; for without pro- 
duction we soon wouldn’t need any 
machines or anything else. So you 
see he is always interested in the 
upkeep of all departments. Al- 
though he does not actually make 
our company’s product, he does 
take pride in the fact that he at 
least makes it possible for others 
to do so. 

Now all you foremen look at your 
departments and see if you could 
run them as efficiently as now with- 
out the assistance of the mainte- 
nance men. I hardly think you 
could, do you? 

You bet you couldn’t! I’ve 
spent my happiest times with 
these fellows who are ready to 
work their finger tips off to 
help department heads out, of 








a bad predica- 
ment, and all tp 
they look for | 
as a reward 
is the satis- ey ey 
faction of GAC 
making a nasty trouble job 
look easy and save the boss 
from worry over what he 
thought at first was going to 
cost a nice sum of money or a 
delay in shipping a rush order 
that would bring a lot of kicks 
and call for some unexplain- 
able explaining upstairs. 
After all, it’s the mainte- 
nance man who keeps the 
wheels a-turning and he earns 
a lot more credit than he gets. 


Qroitiral GAC” 
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This small cabinet holds all the records that are described 
in this article for electrical and other equipment in the various 
departments of a large industrial plant. 


Equipment and Inspection Records 


For Large and Small Mills and Factories to Prevent Delays 
and Save Money When Making Changes and Repairs 


CERTAIN AMOUNT of rec- 
A ord keeping is essential in 

every well organized and 
smoothly operated factory or mill. 
Maintenance records that fall in the 
essential class show what equipment 
is installed and in stock, how equip- 
ment has been moved from.one loca- 
tion to another, what spare parts 
must be ordered to replace worn 
equipment, and the like. Details are 
given in this article of the records 
kept in a large New England manu- 
facturing plant, arranged so that 
they will be helpful to the electrical 
departments of:other plants for the 
purpose of: comparison with their 
own record system or as a guide for 
putting in a new system. The plant 
where this system is installed has 
. 4,000 hp. in 440-volt, three-phase, 
alternating-current motors, installed 
and in operation. These motors in- 
clude one 90-hp., one 40-hp., several 
25-hp., but the majority are motors 
in sizes of 20-hp. and smaller. 











TOO MUCH RED TAPE is a nui- 
sance anywhere at any time and 
particularly in these days when 
operating and clerical forces have 
been reduced to a minimum. On the 
other hand, the waste from delays 
and confusion in handling repair 
work and changes, resulting when 
no order and record systems are 
kept, runs into large sums even in 
small plants. Some methodical 
record system of equipment and 
maintenance work is, therefore, 
essential in every factory electrical 
department making changes in the 
layout of apparatus and buying ma- 
terials for stock. 

In this article a simple system 
is outlined which can be modified 
to suit conditions and requirements 
in shops large or small. Besides 
enabling the head of the electrical 
department to be prepared for nec- 
essary changes and repairs when 
they are needed, it also enables the 
maintenance force to show the 
lowest possible cost of carrying on 
its work, through utilizing equip- 
ment that is available and carry- 
ing such parts in stock as will pre- 
vent delays when orders for re- 
pairs or changes are issued. 


| 


| 




















The electrical record system is part 
of a larger system which records 
every movable piece of equipment in 
the entire plant. This general sys- 
tem is called the plant register. Un- 
der this plan whenever a piece of 
equipment comes into the plant it is 
assigned a number by a record clerk. 
Numbers are given out in serial 
order regardless of the kind of equip- 
ment. For example, a desk for the 
office might be No. 1000 while an 
auto starter would be No. 1001. A 
brass plate with this assigned num- 
ber etched upon it is attached to the 
piece of equipment in a conspicuous 
place. The equipment is then sent 
to the proper department. The rec- 
ords for the electrical apparatus are 
kept in the electrical engineer’s 
office while those for other equip- 
ment are kept in the proper depart- 
ment. 

When the electrical department re- 
ceives a piece of equipment a card 
is made out showing the serial num- 





ber of the apparatus and the kind 
designation as shown at A in Fig. 
1. This is a 3-in. by 5-in. card and 
holds only a few details relative to 
a piece of equipment. It does show, 
however, where the equipment is 
placed, the department number, the 
building number, the floor and the 
date of installation. Below is space 
for the plant order and the purchase 
order. Sufficient space is left on the 
card to allow additional notations 
when the equipment is moved from 
one location to another. Other de- 
tails will be given later of the pro- 
cedure when making changes in the 
location of equipment. After this 
card is made out it is filed according 
to the serial number. 


DESCRIPTIVE CARD FOR EACH PIECE 
OF APPARATUS FILED UNDER 
Its NAME 

A 5-in. by 8-in. card which con- 
tains complete descriptive informa- 
tion on the equipment is next made 
out. For most kinds of equipment, 
this card is drawn up in a rather 
simple form as shown at C in Fig. 
1. The serial number is put at the 
left-hand corner and the kind of 
equipment is put at the right-hand 
top corner. Underneath is space for 
the department, building and floor 
numbers and for a more or less com- 
plete description of the equipment. 
This description usually consists of 
the nameplate data and any other 
information which may be necessary 
on the particular apparatus listed. 

These apparatus cards are filed 
under a type classification of equip- 
ment. Some of the headings, for 
instance, are as follows: Motors, 
starters, switches, high-tension dis- 
tribution wiring, low-tension distri- 
bution, substations, elevators, 
system, etc. There is also the head- 
ing called “Stock” for equipment in 
the storeroom. The motor cards are 
filed under the heading “Motor” and 
this one section is subdivided into 
other sections corresponding to each 
department of the plant. 


FULL INFORMATION IS KEPT 
ON MOTOR CARDS 


For motors and desk fans, much 
more information is entered on the 
card than is entered for other equip- 
ment. Such motor cards, as shown 
at B in Fig. 1, bear the nameplate 
data, the size of the motor shaft, 
keyway and pulley and the size and 
speed of the driven pulley and the 
size of the belt. It also includes the 
nameplate data on the starter as well 


air — 
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as the size of fuses used with the 
motor. Below this are spaces for 
installation date, date of removal and 
new locations of the motor. At the 
bottom of the card is shown the name 
and number of the machine which 
the motor is driving. On the re- 
verse side of this card are entered 
netations of all repairs with the 
dates, the extent of the repair work 
and its approximate cost. 





Fig. 1—Records which save time 
and prevent mistakes in the elee- 
trical department. 


At 4 is the 3-in. by 5-in. serial card 
made out when a piece of equipment 
comes into the department. It is 
filed according to its serial number. 
The 5-in. by 8-in. card at B is the 
“equipment card” which is made out 
for a motor. This carries extensive 
information including name-plate 
data and details of drive and start- 
er. A simpler card shown at C is 
used for other equipment than 
motors and desk fans. These cards 
are filed under a heading corre- 
sponding to the kind of equipment. 
The motor cards are further sub- 
divided according to department. 
The form used for desk fans is 
shown in Fig. 2. The form at D is 
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How a Motor Is Found FoR 
A RusH JoB 


Another form of record is kept 
in order to show quickly where a 
motor may be found to fit a certain 
job in case there is a hurry call for 
it. This is a set of 3-in. by 5-in. 
cards kept at the front of the motor 
file. At the top of each card is a 
notation “Motor” and a_ certain 
horsepower rating, such as “714 hp.” 
On this card is listed the serial num- 
ber of each motor rated at 71% hp. 
and there is a card for every motor 
of this size used in the plant. These 
cards are used when a certain size 
of motor is needed and it cannot be 
found in stock. By consulting the 
cards it is found out which numbers 
designate motors corresponding. to 
the horsepower desired. Then the 
serial file is searched for these num- 
bers. When a motor is found which 
can be spared from the job on which 
it is operating, it is transferred to 




























































































a 3-in. by 5-in. “notification-of- i ; it j 
cindaee alm. Se de tated Ge aa ee the particular job where it is most 
foreman who moves a piece of needed. 
apparatus from one department to . ‘ P 
another. Another piece of electrical equip- 
PLANT REGISTER 
Shop No. 7313 pane bk M ES 
ume Metre G.E Type KT YC  Sececmeiae 
Location:-Dept. No. Bidg. No. Floor ___ Date of Installation 
SS ae ee a ee i ka OLD LOCATION ere ay ce 
Sah _ 94 4H __—*7-7-20_| | wewrocaton__4BC | 2 | 
j ABe 6 / __ 9-23-2/ 2) om ee 
| Plant Order 239: ; a __Purchase Order M213 ct es ay. 
Sic RRR ETE 9-23 Of LS. fons 
tees nates —— Yi 
AL eee et RBI VERSE eT > * 
PLANT REGISTER MOTOR 
Shop No. 75/3 Dept. A BC Bidg. Z Floor / Location 
20 4.P. HEOQ RP.M. Full Load LAS Amps. Per Term. 440 Volts 3 Phase 6 Poles 
Make Goemrel Le Co. TypeA 7 Frame No.3 22 Serial No./ 2345 
Motor Shaft 2g Z x GS af Key z uf x i” Se" Pulley /Q” x 6%" x 2g" 
DrivesTo SO” x &” Pulley Running at 230 R.P.M. Belt2.9-/0" x 6’D 
Starter: Shop No. /75GO Make Gemrel €Le. a. Type ¥45P/ — SeriaiNo. /4B 7092 
Fuses: Running, GS Amp. Type £& Starting, Amp. Type 
Date Purchased /2—/—/G- Purchase Order MWil3 
Date Installed Depy. Bidg. Fioor Date Removed 
lal 
-3-8-79 DEF 34 / 7- 7-29 
2: 7-20 Slick 34 4M 9-23°2/ 
9-23-2/ ABC eo / 
On reverse of this card note all repairs with date, extent of repair, and afproximate cost. 
Be, Connttid b Derth Comer Cllr Mo. 115379 




















/7$80 


Department No 


9-23-2/ ABC 






Floor 


/ 


Bidg. No 





PLANT REGISTER 





6: 
20 Hp. 440 






Satter 


PLANT FIXTURES 
1467092 




















H§ PL 






0 tCythas 


















May,1922 


ment which is recorded with very 
complete data is the desk fan. The 
equipment card for a desk fan is 
shown in B, Fig. 2. This is a 5-in. 
by 8-in. card with space for the 
nameplate data and also the size of 
the fan, the number of blades, 
whether it is oscillating or bracket, 
the purchase date and the order and 
catalog numbers. Below is space for 
the date of installation and removal 
together with the department, build- 
ing and floor. 

Meters, instruments and the like 
are included under substation rec- 
ords. A section of the file is devoted 
to substations and contains cards for 
transformers, switches, relays, me- 
ters, and other instruments. These 
are not filed under the name of the 
equipment. 


How THESE RECORDS ARE USED 


Chief among the advantages of 
such a system of records is the ease 
and certainty with which spare parts 
may be ordered. If spare parts are 
needed for a certain machine or if 
a duplicate must be bought for use 
in a similar location, it is only nec- 
essary to consult the card and get 
the information. If a new starter is 
needed for a certain motor, the mo- 
tor card will give full information. 
‘If the number of the old starter is 
known, the starter card may be con- 
sulted without reference to the mo- 
tor card. 
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If a certain size of motor is 
needed to drive a machine, the cards 
in the stock file are examined. A 
motor with the desired characteris- 
tics is chosen from among these 
cards. If the exact size is not avail- 
able the cards will show what sizes 
may be had. 


RECORDS ARE CHANGED 
WHEN EQUIPMENT IS MOVED 
FROM ONE PLACE TO ANOTHER 


Whenever a piece of apparatus is 
to be moved from one location to 
another a verbal order is given by 
the head of the electrical depart- 
ment to the foreman in charge of the 
job. This verbal order is followed 
by a written order. After the equip- 
ment is moved, maybe to another 
department of the plant or maybe to 
the stock room, the foreman in 
charge of the moving makes out a 
“notification-of-change” slip such as 
shown at D, Fig. 1. This gives the 
name of the machine, its number, 





Fig. 2—Daily records of meters, 
substation apparatus and an equip- 
ment-record form for a desk fan. 
At A is a report of the inspections 
made three times a day in the sub- 
stations. It records the condition of 
transformers, switches, switch- 
boards, etc. At C is a daily report 
of meter readings. This is used to 
show the power consumption of 
different departments and also serves 
as a check to prevent the overload- 
ing of distribution equipment. The 
form at B holds rather complete 
data and space for recording several 
changes of location. It corresponds 
to a forms shown at B and C in 
Fig. 





DAILY REPORT OF HIGH TENSION SYSTEM INSPECTION 
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A check (¥) indicates that conditions are normal. If conditions are abnormal insert a letter referring toa 


complete report on the othe: side of this sheet. 


GROUNDS must be reported to the Electricians at once. On opposite side of this sheet complete 
information must be given as to location, cause, time reported and time cleared. The Inspector 





will obtain this from the El 
if a round is omitted for any reason, give reason on proper line. 
Inspected by: 2. Wuntir Day: 4/-G-22 
Examined by: %. 5. Comets Date: 4/-7-22 





if everything is normal put “O. K.” in square in corner. Otherwise insert cross 
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the old location and the new loca- 
tion. After the slip is signed by: the 
foreman it is sent to the head of the 
department who-has the change 
noted upon both the serial-number 
card and the equipment-record card. 
By this plan the cards are kept up- 
to-date. ' 


TROUBLES ARE INVESTIGATED 
AND REMEDIED WHEN THEY APPEAR 


Although regular and frequent in- 
spections are made of all equipment 
no written reports are turned in on 
such apparatus as motors, control- 
lers, etc. Complete reports, however, 
are made on the high-tension equip- 
ment, meter readings, the trans- 
former houses, and the elevators. 
Daily reports are made onthe con- 
dition of the high-tension system in 
the substations. These are made 
upon blanks 8% in. by 10% in. in 
size. Inspections are made three 
times a day. The inspector ex- 
amines switches, transformers and 
switchboards. He notes the condi- 
tion of disconnecting switches, pri- 
mary oil switches, secondary 
switches, the level of the oil in the 
transformers and its temperature and 
whether switches are open or closed 
on the switchboards. If grounds 
are found they are reported to the 
electrician at once. Check marks are 
placed in the squares as shown in A, 
Fig. 2, to indicate normal conditions. 

(Continued on page 216) 


DAILY REPORT OF POWER AND LIGHT READINGS 
AND VOLTAGE READINGS 


POWER AND LIGHT CONSUMPTION 


SUMMARY 
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How Complications 
Are Eliminated 


When. 
Ordering 
Electrical 
Supplies 


in Large Volume 
for Use as Parts in 
the Assembling 

of Machines 


N AN industrial works where 
| electrical equipment is purchased 
for use as parts in the assembly 
of the product made as well as for 
the general maintenance of produc- 
tion processes, there is ample oppor- 
tunity to build up intricate and ex- 
pensive ordering and stockkeeping 
systems. To reduce such systems to 
their simple elements and so main- 
tain them, is often a larger problem 
than the routine job that is involved 
in making available the supplies that 
are regularly needed. An interesting 
example of an effective and extreme- 
ly simple purchasing system is found 
in the plant of the Brown & Sharpe 
Manufacturing Company at Provi- 
dence, R. I. Here a diversified prod- 
uct is made calling for engineering 
supervision and much research at 
times in adapting the required mo- 
tors and control equipment and other 
electrical equipment to the service 
that the machine must furnish. In 
addition, there is a group of widely 
distributed buildings where electri- 
cal apparatus is extensively used and 
carefully maintained to insure con- 
tinuity of production processes. 
Electrical equipment and supplies 
are purchased in this establishment, 
therefore, from two viewpoints: (1) 
For use as parts to be assembled on 
the machine tools manufactured by 
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Engineering Department 
for Products Only 





Engineering 
Department 











Orders for equipment used on products only 


and sales 


Outside 
inanutacturers 
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Supply Department 
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Purchasing 
Department 





Repair part orders (unstocked parts) 






Maintenance 
Department 








the company; (2) for maintaining 
electric service in the plant. In re- 
gard to the first, it is sufficient to 
state that the responsibility for such 
purchases rests with the designing 
and production engineers, who are 
not concerned with plant engineer- 
ing. The electrical equipment used on 
machines is ordered through the pur- 
chasing department along the usual 
lines of practice, and except that 
some of the motors and wiring sup- 
plies may be stored within the same 
walls as electrical equipment selected 
by the engineering or maintenance 
departments, there is no overlap in 
activities. It goes without saying 








WHEN MANUFACTURING 
a product that uses electrical 
equipment as a component 
part, service requirements 
from the standpoint of de- 
sign and machine production 
often modify the ordering 
and stockkeeping system 
from that required to main- 
tain electrical equipment 
used in the operation of pro- 
duction processes. Here is 
an interesting example of a 
simple system used in the 
large works of a well-known 
machine tool manufacturer. 




















that conferences on engineering sub- 
jects may be held as occasion re- 
quires between any of the engineer- 
ing forces of the company, but the 
chief interest in this article is de- 
voted to the arrangements by which 
the necessary plant supplies and 
equipment for all purposes are usu- 
ally bought. 

Close co-operation in the work of 
the engineering and maintenance de- 
partments is a striking feature of 
the purchasing scheme. The former 
department, as its name implies, ex- 
ercises a general technical supervi- 
sion of the plant, studies the prob- 
lems of equipment selection from the 
economic standpoint, investigates 
nonroutine matters, ‘conducts re- 
searches, and in a broad way does 
planning and construction work. 
The maintenance department, on the 
other hand, looks after plant inspec- 
tion and repairs and in the main 
handles the routine problems of keep- 
ing the equipment fit for efficient 
service. 

All routine purchasing of supplies 
is handled by either the supply de- 
partment or by the maintenance de- 
partment working through the pur- 
chasing department, which maintains 
official contact with the outside for 


_ all factory purchasing, as is usual 


in industrial organizations. Confer- 
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ences for the purpose of securing in- 
formation and interchange of ideas 
take place from time to time be- 
tween interior departments and out- 
side organizations; but the actual 
placing of orders, whether by the 
request of the engineering or other 
internal branches, is done by the 
purchasing department. This depart- 
ment also follows up progress, ship- 
ments, receipts and disposition of 
material after arrival at the factory. 

As a result of experience and of 
studies by the engineering depart- 
ment, supplemented by the reports of 
the maintenance department, certain 
quantities of electrical supplies, such 
as fuses, lamps, and wire are nor- 
mally kept on hand by the supply de- 
partment. As these quantities be- 


come reduced in stock, this depart- 
ment automatically requisitions ma- 
terial for refilling 


its bins and 


Electrical Review 


INDUSTRIAL ENGINEER 








shelves by an order on the purchas- 
ing department. The maintenance 
department draws upon the supply 
department reservoir of material for 
current needs without going to the 
purchasing department for what in 
the electrical jobbing field would be 
classed as fast-moving material. 


ROUTINE BUYING BY MAINTENANCE 
DEPARTMENT 


The maintenance department or- 
ders repair parts of electrical con- 
trol apparatus and of motors or 
other repair material not normally 
carried in routine stock, directly 
through the purchasing department. 
Replacement parts do not involve 
analytical engineering consideration 
before purchase, so that the mainte- 
nance department logically handles 
such orders. In some cases, largely 
as a matter of convenience, the en- 
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gineering department requests the 
maintenance department to order 
certain material which it is planned 
to try out, but as a rule new devel- 
opment work is ordered through the 
purchasing department. In case a 
section of the factory were to be 
equipped with motors and lamps, the 
engineering department would take 
up the problem of motor selection 
and the maintenance department 
would order the necessary lamps di- 
rect from the purchasing department 
unless a new problem in illuminating 
engineering were involved. In such 
event, the investigations to deter- 
mine the type and size of lamp to be 
employed would be carried on under 
the general supervision of the engi- 
neering department. But any sug- 
gestions or aid which might be 
given by the maintenance department 
would be welcomed. 

No rigid line is drawn between the 
internal activities of these depart- 
ments as regards following up new 
installations or carrying forward the 
factory equipment service to the 
plane of maximum efficiency, barring 
the purchase of motors and equip- 
ment as distinguished from supplies 
by the engineering department and 
certain steam plant administration. 
The maintenance department is at all 
times responsive to the engineering 
department’s orders and investigates 
equipment performance and reports 
to the latter department as required. 


TEN PER CENT MOTOR RESERVE 


The electrical stock room shares 
the quarters of the general supply 
department. Motors are stored in a 
separate room together with control 
apparatus and some other supplies. 
In this plant the keeping of spare 
motors is based on an average of 
about 10 per cent of the number of 
motors in service. A minimum of 
one spare motor is kept in all sizes, 
but experience has shown the wis- 
dom of a 10 per cent stocking. In 
case of motor trouble the problem is 
to withdraw the motor and substi- 
tute another in the shortest possible 
time rather than carry out the nec- 
essary repairs in the speediest pos- 
sible manner. Group driving is ex- 
tensively used and the maintenance 
of machine tool production is the 





Stockroom for small electrical sup- 
plies. 

Such material as fuses, switches, 
knobs, tubes and the like is stored 
in drawers of the type shown. This 
arrangement places thousands of 
spare part units within reach of a 
single attendant. 
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primary object of the maintenance 
department instead of high-speed 
repairs. 

There are no unusual features 
about the storing of electrical sup- 
plies, but coils of wire are conven- 
iently stored on 34-in. inclined pipes 
set into walls or posts to form pins. 
Loom, flexible armored conductor and 
flexible tubing are also stored in a 
similar way. 


Two MoTorR RECORD CARDS 
ARE USED 


A convenient motor record card, 
shown in an accompanying illustra- 
tion, is used. Here the object is to 
keep the cards as simple as possible. 
Two sets of motor cards are main- 
tained. One is arranged according 
to motor sizes and the other accord- 
ing to motor locations. This system 
of cross-referencing enables the 
number of motors of a given size 
and type in service to be checked up 
very quickly, and also facilitates 
“spotting” motors in case changes 
are being studied. 

Interdepartmental records and 
forms bearing upon electrical pur- 
- chasing are little used, and the 
amount of clerical work required in 
this connection is very small. Copies 
of written orders from the engineer- 
ing department to the maintenance 
department or purchasing depart- 
ment are, of course, kept on file in 
the originating office. But nothing 
like the elaborate forms sometimes 
found in industrial establishments is 
deemed necessary at Brown & 


f Please purchase One kh: 220 volt Tree plow 
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This illustration shows motor pur- 
chasing form and a motor record 
form. 


The purchasing form carries an or- 
der blank and a stub at the end that 
is torn off and returned to the origi- 
nating department. A yellow dupli- 
eate is filed at the originating office 
for reference. Two sets of motor 
information cards are used. One is 
filed according to motor sizes and 
the other according to motor loca- 
tions, in order to check up quickly 
the number and sizes of motors on 
hand. 





Sharpe’s electrical division, A con- 
venient form is used in purchasing 
which carries the order and a stub 
at the end that is torn off and re- 
turnéd to the originating department 
by the purchasing or other depart- 
ment handling it when the order is 
completed. A yellow duplicate is filed 
at the originating office for reference. 

As a result of the intimate rela- 
tions between the engineering and 
other departments having to do with 
furnishing of electrical supplies and 
equipment, and of the freedom from 
complication secured by the arrange- 
ments above outlined, the buying of 
supplies is done upon a sound tech- 
nical and operating basis and yet 
with so little external evidence of 
activity that it is most effectively 
accomplished. Buying by qualified 
engineers and maintenance heads 
working together in this manner ap- 
pears to insure reliable equipment 
and material service, comprehensive 
knowledge of the performance of 
supplies, and a basis for research 
which is broad enough to‘ cover all 
branches of electrical service within 
the establishment. 
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Equipment and 


Inspection Records 
(Continued from page 213) 


If not normal a letter is inserted 
referring to a complete report on the 
back side of the sheet. 

Daily reports are turned in show- 
ing the readings on the meters of 
all switchboards. These are shown 
in C, Fig. 2. Volts, amperes and 
kilowatts are read on all phases and 
kilovolt-amperes and power factor 
are calculated and entered. These 
readings are put down for both 
power and light circuits. Watt hour- 
meter readings are also entered. 

An interesting feature of the 
blank forms used consists in small 
figures printed in the squares in 
which the readings are entered. 
These small figures indicate the full- 
scale reading of the meter. They 
serve as a check when the inspector 
is entering his readings and also 
when the head of the department is 
studying them after they have been 
turned in. 

All elevators are given a complete 
inspection at least once a month. The 
reports are made up on a special 
form and handed in to the man in 
charge of the electrical department. 
He notes any troubles and sees that 
they are removed. 

Motors are inspected from once to 
four times each day, but no written 
reports are made. The inspectors 
report to the foreman in charge of 
inspection whenever troubles. are 
found. The inspectors themselves 
either remedy the trouble immediate- 
ly or, if it is beyond their power, 
they call on the foreman. If the 
cannot cure it he reports to the man 
in charge of the electrical depart- 
ment who takes steps to remove the 
trouble. When necessary a graphic 
watt meter is put on the machine 
giving the troubles and records are 
taken. After these records have 
served their purpose they are filed 
permanently in chronological order. 

Each blue print of a machine, wir- 
ing, control aparatus, etc., is given 
a serial number and filed according 
to this. Two 3-in. by 5-in. cards are 
then made. One of these is filed 
according to the location of the 
apparatus or equipment. which is 
shown on the blue print. The other 
is filed according to the subject, such 
as motor foundation, low-tension 
wiring, switchboard, and so on. 
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Synchronous Motor Troubles—  compitedsy 4.8. srarrorp 


Electrical Engineer, 
Provincial Paper Mills, 


Diagnosis and Remedies Port Arthur, Ont. 


(This table is continued on page 257) 





SYMPTOM TROUBLE CAUSE REMEDY 
Bearing too hot to|A Bearing dry. Not sufficient oil; oil rings not working. Refill with clean oil after first washing bearing with kerosene 
touch or smoking. |B Bearing dirty. Grit in oil. Same as above. 
C Beering tight. Cause | and 2 above causing particles of metal to be/Scrape bearing and shaft or replace bearing. 
sheared off and deposited at other parts. 
D vil rings not working:/ Rings out of slots. Replace rings, making sure no metal adheres to sides of slot 


If ring sticks or runs slowly, bevel it at either top or 
bottom with a fine file. 

















E Bearing binding. Shaft out of true. Place shaft in a lathe and true and renew bearing. 
F Bearing out of true. |Too much strain on pulley. Bearing should be shimmed with pieces of tin, as a tempo- 
; i ‘ary measure, or replaced with new bearing. 
G Loose bearing. Vibration. Tighten set screws holding bearing in journal. 
2 Bearings hot, but no/Heat transferred from_|A Overload on motor, Decrease load or increase size of motor. 
hotter than  other| rotor or stator wind-|B Motor field overexcited. Decrease strength of field by lowering excitation. 
parts of motor. ings of motor. 2 
3 Stator windingshotat|Displaced air gap or|Bearings worn on one side. If noticed before coils are damaged, realigning the bearing 
certain spots, enough] rotor not centered in and inserting new wedges will correct the fault; otherwise 
probably to cause] stator.* coils will need to be replaced. 
smoking. Wedges 
over coils charred. 
4 Motor fails to start. |4 Notsufficient torque.|A Voltage too low. Increase line voltage. The torque is increased or decreased 


as the square of the applied voltage, i.e., if the voltage is 
doubled the torque is increased four times. Raising the 
compensator taps may help if the motor is not too large, 
but as this also increases the starting current, it tends 
further to decrease the voltage. 
'B Open circuit in stator windings, due to a short|Repair break by ‘“‘jumping” the coilf or coils causing the 


circuit, rough handling, or wrong connection. trouble, or else by replacing damaged coil. 
C Friction of bearings too great. Scrape or replace bearings if frozen or relieve pressure be- 
tween bearing and shaft by loosening journal studs. 
D Mechanical load too great. Remove part of load or install clutch coupling between 


: : motorandload. 
i Wrong connection in compensator. One phase|Make proper connection in compensator. 
usually reversed. 








5 Motor starts but fails] Not sufficient torque. |A Rotor field in circuit with exciter, due to discharge|Open the circuit between exciter and motor field. 
to come up to speed. switch being in wrong position. This creates a sepa- 
, rate flux which opposes the alternating flux in the 
stator windings. 
'B Mechanical load too great. A Open discharge resistance. Care must be exercised in 
employing this method and resistance circuit must be 
closed before shutting down, otherwise field winding may 
be damaged. 
B Raise the line voltage. 
C Increase the squirrel-cage winding on the rotor. 
D Install a clutch coupling. 








C Not enough bars in squirrel-cage winding. Same as above. 

6A Motor comes up]Trouble in exciter A Open circuit in rotor field. Test out with low voltage or magneto, and repair break. 
nearly to synchro-| circuit. B Open circuit in exciter field. Same as above. 
nous speed but cannot C Open circuit between exciter and motor field. _ Same as above. . ' 
be thrown on line. D Open circuit in exciter armature. The circuit be-| Bridge the open circuit by connecting a piece of wire to 

B Motor fails to syn- tween rotor and exciter is not broken in a case of} commutator bars each side of break 
chronize. this kind, but the current is interrupted and decreased. 

C Circuit breaker trips E Faulty brushes on exciter causing the same trouble as] Adjust brushes if out of line, renew if broken or worn, in- 
out when line voltage above stated. crease tension between commutator and brushes and 
is impressed on motor. clean commutator. 

F Open circuit in motor field rheostat. Test with magneto and repair break. 

G Open circuit in exciter field rheostat. Same as above. 

H Field-discharge switch fails to make proper contact.|Clean contacts or, if badly pitted, renew. 

TI Short circuit in one or more field coils. Test with low voltage and compass and repair or renew 


’ damaged coi.1 
J Reversed coil in rotor field circuit. A fault of this|/Test with low voltage and compass and reverse connections 
kind cannot happen while motor is running but} on coil causing the trouble. 
would be due to a wrong connection while repairs| Note: In connection with the above two remedies, low direct 
were being made to the rotor. All the other faults| current voltage is applied to the field windings and a 
could however happen while the motor was running} compass held to each pole. In case of a short circuit, the 
due to careless operation or foreign material being} short circuited pole will give no deflection of the compass. 
drawn into motor by suction or by damage to the} With a reversed coil the deflection is opposite what it 











exciter and wiring. should be, in other words, instead of adjacent north and 
south poles there will be two north or two south poles 
together. 
7 Stator windings hot]/A Mechanical overload.| Mechanical overload. ‘ _ |Remove part of load or increase size of motor. . 
at all parts. 'B Low power factor. Over-excitation of field coils. The low power factor in/Adjust field excitation until the current in the stator is 


this case is leading and has the same effect aslow/ minimum. This will increase the power factor of the 
lagging power factor since the current and voltage} motor but will lower the power factor of the system. 
are out of phase in the same proportion. 














8 One or more coils in|Short circuit in one or|Due to mechanical injury or to broken down insulation|“‘Jump” the injured coilt as a temporary expedient or re’ 





stator so hot that in-| more coils. due to an overload. place with a new coil. 
sulation is completely 
burned off. ; 

9 Motor issues a| Motor “‘hunting.”’ A Unstable speed of prime mover on alternator supply-|If speed of prime mover cannot be oe! regulated add-j 
peculiar humming ing motor. ing more squirrel-cage windings will correct the fault. 
sound which increases 'B High resistance in line between alternator and motor|The same applies where “hunting” is due to resistance of 
and decreases in vol- due to long transmission line. the line. 


ume at certain inter- 
vals. Motor may 
even slow down and 
stop or trip circuit 
breaker in a case of 
this kind. 

















* As the air gap of a synchronous motor is rela- must be taken that no interconnection of phases adjacent coils. This is due to there being only 
tively large, this trouble is seldom met with or wrong groups takes place. In one-layer wind- one coil side per slot. If more coils than one per 
although the bearings may become worn. ings, if the insulation is badly burnt, the coil will phase are burnt, care must be taken that there 

Care must be used in “jumping” a coil, and have to be completely taken out, since, if only dis- are enough left to offer enough resistance to keep 
the following points should be observed: Where a connected, circulating currents will be produced the current low. If too many are cut out the 
phase-boundary coil is cut out or “jumped” care which will heat up the “jumped” coil and damage remainder may heat excessively. 
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IN MAKING WELDS which will 
stand up in service, three things are 
essential: (1) Careful preparation 
of the parts. (2) Skill in the 
manipulation of the are. (3) A 
thorough knowledge of the thermal 
effects produced by the welding 
process. In this article Mr. Wana- 
maker takes up each of these points 
from the practical standpoint of the 




















welder and outlines in detail the 
methods and procedure which are 
followed in the Rock Island shops 
for making different welds on a 
wide variety of iron and steel parts. 


Things Operators 
Should Know 


When 
Welding 


Iron and Steel 


and the Procedure 
Followed in the — 
Rock Island Shops 


By E. WANAMAKER 


Electrical Engineer, Chicago, Rock Island 
& Pacific Railroad 


TRICAL REVIEW AND INDUSTRIAL 

ENGINEER the writer outlined 
the general procedure governing the 
use of electric arc welding for repair 
and maintenance work in the Rock 
Island shops. Inasmuch, however, as 
every welding job presents different 
problems and, generally speaking, 
must be considered by itself, this 
article will take up the details of 
some of the procedure in repairing 
broken equipment or building up 
worn parts by the use of the electric 
are. 

The ability to make uniformly 
good welds requires a thorough un- 
derstanding of the principles in- 
volved, supplemented by the training 
and experience necessary to give the 
requisite skill in manipulation. In 
electric welding the heat required for 
the fusion of the metals is obtained 


I: THE APRIL issue of ELEc- 
















The operator is shown here in a special welding booth working at a sheet. and 
angle-iron bench. A heavy duck curtain serves to shield the arc from air drafts 
and protect nearby workmen from the arc glare. 


by the transformation of electrical 
energy into heat liberated by an arc. 
An arc is produced when the two 
wires of a circuit carrying a heavy 
current are touched together and 
then separated a short distance. The 
ends of these wires are heated to an 
incandescent vapor which, with tiny 
globules of liquid metal derived from 
the wires, conducts the current from 
one wire, or electrode, to the other. 
The terminal from which the current 
passes into the vapor is called the 
positive electrode or anode, while the 
terminal to which the current passes 
is called the negative electrode or 
cathode. 

In metallic-arc welding, liquid 
metal is transferred from the wire 
electrode to the work through the arc 








stream. The transfer takes place 
regardless of direction, whether 
downward or upward, and the force 
responsible for it has been the sub- 
ject of much investigation. Present 
theories attribute the transfer of the 
metal (1) to molecular attraction; 
(2) to expansion of gas formed from 
the elements in the arc terminals, 
and (3) to condensation of metallic 
vapor formed from the electrode and 
the part being welded. 

As was noted in the previous ar- 
ticle, approximately 75 per cent of 
the total heat is liberated at the 
anode. The remaining 25 per cent 
of the heat is in the vapor and at the 
cathode. Inasmuch as the mass of 
the welding wire is usually less than 
the mass of the work, so that the 
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amount of heat lost by conduction is 
greater on the latter, it is usually 
made the positive pole. In some 
cases, however, as when welding very 
thin sheet metal, the wire electrode 
is made positive in order to reduce 
the tendency of the are to burn 
through the sheet metal. Also when 
using certain electrodes, such as 
high-carbon or high-manganese, bet- 
ter results are obtained by making 
these positive. A special low-voltage 
generator is used to supply the elec- 
trical energy. A description of the 
style of generator and electrodes 
used on the Rock Island lines was 
given in the previous article. 

The electrical connection to the 
work piece may be made by means 
of a clamp, which should be firmly 
attached, as.a bad ground connection 
will increase the difficulty of per- 
forming a good weld. A carriage 
screw type of clamp with 4-in. open- 
ing is suitable and the ground wire 
should be securely fastened to it. 
The surface of the part where the 
clamp is attached must be perfectly 
clean. If a clamp is not available, 
the ground wire may be attached to 
a plate and the plate tack-welded to 
the work. It has been noticed that 
the arc is less erratic if the welding 
progresses away from the ground 
connection. Therefore, when possi- 
ble, ground connections should be so 
located as to permit this procedure. 

When welding, the electrode is 
gripped in a holder which is con- 
nected to the generator by a flexible 
cable. The electrode should be held 
firmly in order to prevent heating at 
the point of contact with the holder. 
The holder should be cleaned with 
a file every day or two at the point 
where it grips the electrode. 
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It may be mentioned here that the 
electric arc emits a large quantity of 
ultra-violet and infra-red rays, which 
are dangerous to the eyes unless they 
are protected by proper glasses. A 
widely used combination consists of 
one bright green, one or two ruby 
and one clear strip of glass mounted 





This is a handy type of metallic 
electrode holder. 


The electrode is gripped between two 
jaws held together by a stove bolt. 
A curved steel spring which bears 
on the upper jaw and can be ad- 
justed by the bolt, produces the de- 


sired tension on the electrode. The 
handle is made of maple and a 3-in. 
fiber shieid protects the operator’s 
hand from the heat. 





together. The present standard di- 
mensions of the glass for a hand or 
helmet type shield are 2 by 4% in., 
single strength thickness. The clear 
glass is used to protect the other 
from flying particles of hot metal 
and when it becomes pitted should 
be renewed, to keep vision clear. 


PROTECTION FROM THE RAYS 
GIVEN OFF BY THE ARC 


If any part of the body is exposed 
to the direct rays of the arc, the 
skin will be burned similarly to an 
intense sunburn. For this reason 
the shields in which the glasses are 
mounted are designed to cover the 
face completely. Both the hand and 
helmet types of face shield are used. 
The helmet type shield is required 
on some classes of work, such as 
boiler work, where it is often desired 





219 





to have one hand free to steady the 
body, or for other service. Ordinary 
gauntlet gloves and closely woven 
work shirts or overall jackets will 
furnish ample protection to the oper- 
ator from the light rays and flying 
sparks. 

When much welding is done in one 
location a welding booth should be 
provided, in order to prevent the 
flashes from confusing men working 
in the vicinity. For short jobs port- 
able shields should be provided to 
surround the welding operator. The 
shields will also protect the arc from 
strong air drafts, which increase the 
difficulty of arc manipulation, and 
should be painted black in order to 
minimize the reflected light. 


SKILL IN ARC MANIPULATION 
ESSENTIAL TO GOOD WELDING 


Acquiring the knack of arc manip- 
ulation is the first important step in 
the training of an operator, as the 
skill with which he is able to do this 
will largely determine the quality of 
weld produced. The electrode holder 
should be held in one hand and to 
avoid nervousness the grip on the 
handle should be very light. If the 
handle is held tightly the hand will 
shake and increase the difficulty of 
are control. The problem is to 
acquire absolute control of the arm 
and the hand manipulating the arc, 
and this is best done by steadying 
the body, either by taking a sittinz 
position, or if conditions require the © 
operator to weld in a standing posi- 
tion, the knee, hip, or shoulder may 
be rested against something to brace 
and steady the body. 

To start the arc the electrode is 
touched to the work with a dragging 
motion and immediately withdrawn 





Electrode 


























be made by means of a clamp. 


to produce a good weld. 





+ \ 
The electrical connection to the work should preferably 


Unless a good ground connection is made it is very difficult 
The surface of the work must be 
well cleaned before the clamp is attached. As the illustration 
shows, the parts to be welded are usually made the positive 
pole, hence the current flows from the parts to the electrode. 
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good welding. 





Penetration- No Overlap 
Maintenance of the proper length of are is essential to 


Withdrawing the electrode too far from the surface of the 
work results in a long arc, but does not give the proper 
fusion and penetration. 
a long are is more highly oxidized and thus inferior in 
quality to that deposited by a short are. 


,. . 
Poor Fusion and Excessive 
Overlap 


In addition the metal deposited by 
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These exercises help the operator 
to acquire skill in the manipulation 
of the are. 


As a start (upper left) layers should 
be put down on a flat plate until the 
operator can deposit a smooth layer 
8 in. long without breaking the arc. 
Straight and crooked chalk lines 
should be drawn on a plate and lay- 
ers deposited along these lines (up- 
per middle) until the operator can 
follow them closely while holding 
the are. Next a pad (upper right) 
should be put down with the layers 
overlapping as in the lower left il- 
lustration. When a pad about 6 in. 
long has been deposited, the scale 
should be removed with a chisel or 
sand blast and a second pad (lower 
right) put down on the first. By cut- 
ting through the pad and plate and 
polishing the ends the soundness of 
the deposited metal may be deter- 
mined. The lower middle illustra- 
tion shows the angle to hold the 
electrode for securing proper fusion. 





about 1% ih. It should be slightly 
inclined from the vertical. As melt- 
ing begins, the electrode should be 
fed forward to maintain the %-in. 
arc length, and at the same time 
moved along the surface of the work 
at a uniform speed. As welding is 
but successive baths of molten metal, 
one fused to the other, the arc length, 
are current, and speed of arc travel 
must maintain the molten spot on 
' the part being welded, in order that 
thorough fusion may be obtained be- 
tween it and the molten metal from 
the electrode. When the operator 
succeeds in starting and maintaining 
a short are length for some time, 
further practice should consist of 
forming a series of deposits until he 
is able to put down a number of 
straight smooth surface layers. This 
should be repeated while following 
chalk marks, in order to develop abil- 
ity to follow a prescribed course. 
The width of the deposit can be 
varied over a considerable range by 
describing the are of a circle with 
the end of the electrode as it is 
moved along the surface of the part. 
This procedure also assists in float- 
ing the slag to the top of the weld. 
The angle at which the electrode 
is held with relation to the surface 
of the work, as well as with respect 
to direction of arc travel, will in- 
fluence the penetration and ease ot 
directing the flow of metal from the 
electrode to the point desired in the 
weld. It is difficult to give accu- 





Welding shields like these are used 
to protect the eyes and face. 


- The actinic rays given off by the arc 
will seriously injure the eyes in a 
short time unless they are protected 
by the proper glasses. The skin must 

also be protected in order to avoid 

burns similar to sunburn. The hand 
shield (upper left) is ordinarily em- 
ployed and is held as shown at the 
right. In some cases, however, both 
hands are needed for welding and 
then the helmet type shield (lower 
left) is used. 
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rately the proper electrode angles for 
the various conditions. In general, 
the best results seem to be obtained 
when the electrode is slightly in- 
clined, approximately 20 deg., from 
a line drawn at right angles to the 
face of the weld. 


When parts are joined by welding, — 


the joint is usually arranged to form 
a “V”-shaped opening, into which 
metal is fused to effect the union. 
The “V” may be formed by beveling 
the edges that form the joint or 
seam; or the position of one part 
with respect to the other may be 
such as to form a “V” without bevel- 
ing the edge. 

The manner in which the metal 
is fused in an opening so formed 
will determine to some extent the 
strength and quality of the weld, and 
experience has shown that a stronger 
joint is obtained when the course of 


the electrode is back and forth across 
the “V” to be filled. The course of 
the electrode to allow this procedure 
for joints or seams in the different 
positions is shown on page 221. 


WELDING SHOULD ALWAYS BE DONE 
WITH A UNIFORM SHORT ARC 


The evident purpose of welding is 
to affect by fusion a perfect union 
between the metals to be joined. To 
do this it is necessary that the 
metals forming the arc terminals at 
the point of arc contact be heated to 
a liquid state and that impurities, 
such as oxides, be eliminated in so 
far as is possible. The fusion and 
the elimination of impurities are 
accomplished to the greatest degree 
by using a short arc, approximately 
1/16 to 4% in. long. 

With a short arc the heat is con- 
centrated on the work piece, with 
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the result that effective fusion is 
secured. In addition there is less 
chance for the atmosphere to diffuse 
through the are stream and form 
impurities. When a long arc is used 
it will not maintain its position on 
the part being welded and the heat 
from the arc stream and the deposit 
is greatly reduced by radiation, with 
the result that the fusion is not 
complete at the arc terminal formed 
by the part being welded. Moreover, 
the formation of impurities and the 
loss of metal by oxidation are great- 
ly increased, due to the increased 
exposure of the metal to the atmos- 
phere. 

Overhead welding is very difficult 
or impossible with a long arc, be- 
cause if the increase in size of the 
globule of molten metal on the elec- 
trode does not bring it in contact 
with the fused spot on the work it 
will expand to the point of explosion, 
or become so large that its weight 
will cause it to run down the side of 
the electrode. If the vapor of the 
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arc stream condenses, the arc will be 
extinguished. 

The tendency of the vapor to con- 
dense and the ease of maintaining 
an are are governed by the stabiliz- 
ing characteristics of the welding 
circuit and the arc gases. 


A high 





Deposited metal should be put down 
in layers and tiers when building 
up surfaces or filling in joints. 

This illustration shows the fusion 


patterns between adjacent 


layers. 


Tests have shown that the best re- 
sults are obtained when the metal is 


deposited 


stress. In 


in the direction of the 
this 


case, maximum 


strength is along line A-A. 
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open-circuit voltage or series react- 
ance coils will help to sustain the 
arc. Any condition which affects the 
temperature of the arc vapor will 
affect its stability. 

The amount of current required 
for metallic arc welding is dependent 
upon so many factors that only ap- 
proximate values can be given for 
different sized electrodes. For ex- 
ample, the current required for 
proper fusion will vary with the type 
ot weld scarf, cleanliness of the sur- 
face, heat conductivity of the metal, 
position of the work, manipulation 
of arc, and so on. The approximate 
current and electrode size used in 
welding mild steel plate of different 
thicknesses are given below: 

Diameter 


Electrode in mils or Plate Current 
Diameter, thousandths thickness, in 
inch of an inch inch Amperes 


3/32 94 1/4in.and under 50- 90 
1/8 125 1/8 in.—1/2 in. 75-150 
5/32 156 3/16 in. and up 125-175 
3/16 188 3/8 in. and up 140-225 


There are a number of conditions 
which the operator can observe as 4 
guide to indicate when the current 
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am k—-Space slightly over diam. 











of Electrode used 
ee 7 Tr R <l ii 
has \& ie: 1 
1 hoproximately es ga Diameter R should be 
4 IT for parts subject 


to high tension. 























Course of 
Electrode 





























Vertical Seams. 


a, Course of 


" Electrode 





Horizontal Seams. 
A-Shows course of Electrode for 
finishing with one layer. 
B- With more than one layer. 


welds and types of joints. 


tions. 
and designed for different service. 


conditions. 





Overhead Seams, 


These diagrams show how parts are beveled, kinds of 


Upper left (four diagrams) angles at which parts are bev- 
eled for welding. Lower left (four diagrams) course which 
electrode should follow in making welds in different posi- 
Upper right (four diagrams) kinds of welds in use, 
Lower right, types of 
joints which have been worked out for meeting various 
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This shows the designs of welds in 
common use. 

The “edge finish,” or manner in which 
the edges of the parts are beveled 
depends on the nature of the work 
and the service requirements. The 
conditions under which the above de- 
signs are used is explained in the 
text. 





is correct for proper fusion, such as 
depth of crater, deposit contour, and 
uniformity with which the metal 
comes from the electrode. With the 
proper current or heat value, the elec- 
trode should melt smoothly and the 
penetration will be sufficient to pre- 
vent any of the deposit from over- 
running the fused spot on the work. 
If the current value is too low, how- 
ever, and a proper arc length is 
maintained, the metal will not melt 
smoothly. The penetration will be 
poor and the deposit contour will in- 
dicate overlap of the added metal, 
due to insufficient fusion of the plate 
metal. 


PARTS TO BE WELDED SHOULD BE 
CAREFULLY PREPARED 


The preparation of the parts for 
welding is just as important as the 
welding operation itself and should 
be given. as much consideration. 
While it is impossible to discuss 
every case which might be encoun- 
tered, the general principles outlined 
here can be applied in most instances. 

One of the prime requisites for a 
good weld is that ample space be al- 
lowed, by proper beveling and spac- 
ing of the parts, to insure uniform 
fusion and union throughout the 
thickness of the welded area. The 
sole reason, however, for removing 
metal by beveling plate edges and 
member ends is to provide this space, 
and any metal removed unnecessarily 
is a waste of time and material, as 
well as a possible source of weakness 
of the joint. In most cases the metal 
removed has had mechanical treat- 
ment, and this cannot be replaced by 
autogenous welding with metal of 
equal quality in every respect, be- 
cause no metal in a cast form will 
possess all the characteristics to the 
same extent as a similar piece which 
has had mechanical treatment. Ex- 
cessive space between the edges to be 
joined is a common cause of defec- 
tive welds which in service develop 
fractures. Rewelding a fracture of 
this kind is exceptionally difficult, 
and another break will usually occur 
in a short time. To prevent trouble 
of this nature, the fitting up and 
beveling of parts to form seams for 
welding should be carefully done 
and excessive space or unnecessarily 
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M Thickness’ A, Any Snickness 
Ht 
wide openings avoided. Then the openings are not generally necessary. 


weld can be made narrow, and by 
finishing with a slight welt to rein- 
force and stiffen the joint the neigh- 
boring metal will be made to give 
slightly without bad effect on the 
weld when tension or transverse 
stresses are applied. 

For plate thickness up to 1% in. a 
space of 1% in. is generally sufficient. 
The thin edges left by the beveling 
will be melted down, so that a suffi- 
cient opening would be provided, 
even though the diameter of the elec- 
trode is slightly more than the orig- 
inal 4% in. space. For sections of 
greater thickness the space should 
be equal to or slightly greater than 
the diameter of the electrode used. 

Formerly it was the practice in 
most cases to provide a total opening 
of 90 deg. by beveling the edges at 
an angle of 45 deg. Experience has 
shown, however, that such large 


Usually a total opening of 60 deg. will 
provide sufficient access to insure fu- 
sion along the edges to be joined, 
and if reasonable care is exercised 
by the operator, a better weld will 
be obtained than were a large open- 
ing provided. A comparison between 
a 60-deg. and a 90-deg. angle of 
opening is shown in an illustration 
on page 221. A total opening of 90 
deg. allows the electrode to be held 
at right angles to the surface formed 
by the bevel. As previously stated, 
the electrode is generally slightly in- 
clined from a right angle to the sur- 
face of the work. For this reason 
an opening of not less than 60 deg. 
or over 75 deg. will permit the elec- 
trode to be held at the proper angle 
and is sufficient for thicknesses up 
to at least 2 in. 

For parts of greater cross-section 
the “‘V” should be cut at the bottom 





Procedure in 
back-step weld- 








ing. 





Start Welding at |, Section A’and finish af 2, 
nert stort at 3, Section Band finish at 2 efe. 
Finish the Top Seam in the order shown. 

The Bottorn Sear should next be Weldedin 
the order shown. The Vertical Seams may 
now be Welded starting at the opposite end 
of Sheet from which the Bottorm Seam was 
finished. 
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When welding 
such parts as side 
sheets (upper left) 
and front and 
back flue sheets 
the stresses pro- 

























Flue Sheet 


Crown Sheef, 





Front Five Sheet 


Weld Searns A, 8B and C in the order 
indicated in the sketch. Start Welding 
at Section | and Weld each Section 
in numerical order in the direction 
shown by Arrows. 








Section A-A. 


Reinforce 


Section 8-8. 


Section C-C. 


‘ft 30°? duced by expan- 

; 4. ig sion and contrac- 

3, pe tion must be re- 
wy duced to a mini- 

mum. This may 

be done by weld- 

Vertical Seam, ing in sections in 


the order shown. 


Side Sheet 


Slightly A 


Flue Sheet 


| New Top Part of 
Five Sheet 




















Old Bottom Part of 
Flue Sheet 


Back Five Sheet 
Weld Crown Seam, Side Seams and 
Bottom Seam in the order and in the 
same manner as described for Front 
Flue Sheet. 
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to form a 90-deg. angle for a dis- 
tance of not more than half the depth 
of the “V,” this angle being reduced 
to approximately 60 deg. as the outer 
surface is approached. This method 
of beveling should be used when the 
character of the work does not per- 
mit separation of the edges. In case 
of unavoidably large openings be- 
tween edges, a scarf angle of 60 deg. 
along the entire length is sufficient. 
While the angle of opening should be 
as small as is consistent with good 
welding, it is absolutely necessary 
that sufficient space be provided to 
allow access for fusion between the 
deposited metal and the beveled edge 
to be joined. 

For a sheet thickness of approxi- 
mately 1% in. when a \%-in. opening 
is provided, the edges may be left in 
their crude or sheared state. Sheets 


less than 1% in. in thickness are pre- 
pared with straight edges and no 


space is left between, since the pen- 
etration of the arc will be sufficient 
to effect fusion through the reverse 
side. When welding exceptionally 
thin sheet metal, a copper plate is 
sometimes placed on the reverse side 
of the seam to serve as a backing 
for the metal and to increase the 
conductivity, so that the thin edges 
will not: be melted away. Thin sheets 
are often welded by forming a seam 
with flanged or upturned edges, and 
melting them together with a graph- 
ite or carbon electrode. The addi- 
tion of metal is not necessary, as the 
melting down of the thin edges pro- 
vides sufficient reinforcement at the 
weld section. 


ALLOWANCE MusT BE MADE FOR THE 
CONTRACTION OF THE WELDING 
MATERIAL 


The contraction of the deposited 
metal constitutes one source of trou- 
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These are the different types of 
welds designed to meet various pur- 
poses and conditions of service. 


A reinforced weld is used for ob- 
taining maximum strength by build- 
ing the welding up above the sur- 
rounding plane. The flush type is 
used when the welded surface must 
be level with the adjacent metal. It 
possesses less strength than the re- 
inforced weld. A concave weld is 
the weakest of all and is used for 
filling in or caulking, where strength 
is not important. 





ble in metallic are welding, and is re- 
sponsible for most of the locked-in 
stresses in welds and the distortion 
of the parts welded. While expansion 
and contraction cannot be prevented, 
their effect can be minimized by cer- 
tain methods of arranging the parts 
preparatory to welding, or by the 
manner in which the deposited metal 
is applied. 

For example, when welding long 
butt seams of medium thickness the 
plates tend to buckle in at the weld. 
Due to the beveling, the deposited 
metal is wider at the top of the weld 
than it is at the bottom; consequent- 
ly the contraction is greater. In ad- 
dition the contraction of the weld 
will draw the edges of the plates to- 
gether and thus throw the latter out 
of line. When other conditions per- 
mit, this tendency may be overcome 
by allowing a little wider space be- 
tween the plates at the opposite end 
from which the weld is started. The 
exact amount to be allowed in this 
way depends on several factors and 
must be learned by experience. 
Clamping the parts down or tack- 
welding so as to make the metal give 
slightly on cooling is frequently done 
in the case of heavy sections, but is 
not always to be recommended for 
light material. 

A sequence of welding, designed to 
distribute the heat and contraction 
stresses more evenly throughout the 
joint, is known as the “backstep” 
method. The parts are tack-welded 
at intervals of six inches or less for 
short seams. The arc is then applied 
at the second tack and the groove 
welded back complete to the first 
tack. Going to the third tack, the 





Are welding is prolonging the life 
of these driving wheel tires. 

Although the flanges have worn 
too thin, some electrodes and a few 
hours’ time of an electric welder will 
put these driving wheels.on the road 
again. Without some means of 
building up to the proper thickness 
it would be necessary to remove the 
old tire and shrink on a new one. 
When welding high-carbon steel ma- 
terial, such as driving wheel tires, 
it is advisable to preheat the metal 
ahead of the welding arc in order to 
prolong the rate of cooling and min- 
imize the effects of the welding op- 
eration on the base metal. 
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Typical Welds and How They Are Made 
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Section C-C 
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of Studs 
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3 Finished weld 
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SectionX-X 
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weld is carried back to the second 
tack, practically completing that 
section. Each section should be fin- 
ished at least flush before starting 
another. 


For CONVENIENCE IN SPECIFYING, 
JOINTS AND WELDS ARE DIVIDED 
INTO SEVERAL CLASSES 


In order that the engineer or de- 
signer and the welding operator may 
have a mutual understanding of 
what is required in a given job, 
welds are specified under the terms 
“Type of Joint,” “Design of Weld,” 
“Position of Weld,” “Kind of Weld,” 
and “Type of Weld.” 

The various types of joints and de- 
signs of welds that are used are 
shown in the illustrations on this 
page, under the recognized standard 
names or terms used to designate 
them, together with their symbols. 

Butt Joint.—This is generally used 
when it is desired that the parts welded 
form a flat plane or smooth surface, ex- 
cept for the possible projection formed 
by the slight reinforcement of the weld 
proper. The double “V” design of weld 
is preferable to other methods of pre- 
paring parts for butt welding, and when 
conditions permit, this design should be 
used. 

Lap Joint.—This is used in cases 
where the placing of one edge above the 
other is not objectionable. In are weld- 
ing a lap seam is less difficult to weld 
than a butt seam and when the edges of 
each plate can be welded to the surface 
of the other, so as to form a double weld, 
the joint is generally considered to be 
more efficient than a butt weld. The 
conditions under which the welding is 
done and the service requirements of the 
joint will determine the choice between 
the butt and lap type of joint. Both are 





in successful commercial use, and in 
many cases both are in service of the 
same nature. 

Strap Type of Joint.—This is used 
when the welding can be performed from 
both sides. It is employed for work 
where maximum strains are to be sus- 
tained. In this type the seam can be 
welded only from the side of the work 
opposite the reinforcement and this must 
be welded to the side of the work to 
which it is applied. The exceptional 
strength is attained by the mode of ap- 
plying the welding material, and through 
the sectional area per square inch ex- 
ceeding that of the surrounding material. 
In railroad work the strap type of joint 
is used for such important welding appli- 
cations as truck side frames and bolsters 
and other parts where a failure in serv- 
ice would jeopardize life and property. 

Tee Type of Joint.—When one plate is 
welded perpendicularly to another this 
joint is used, or when a rod is welded in 
‘a vertical position to a flat surface. 

Fillet Weld.—When a fixture or mem- 
ber is attached to the face of a plate by 
welding along the vertical edge of the 
member, this form of weld is used. This 
term is also applied when metal is added 
in a corner. 

Plug Weld.—As the name indicates, 
this weld is employed to connect two 
parts by welding through a hole in one 
of them. It is also used for filling 
through a bolt or other hole. 

“Design of Weld.”—This term refers 
to the edge-finish of the parts to be 
welded. Single “V” signifies that the 
edge of the part is beveled from both 
sides to an angle. This design is used 
when the part is vertical to the face of 
the adjoining member, when maximum 
strength is required, and only when 
welding can be done from both sides. 

Double “V’” Weld.—This means that 
the adjoining edges of plates are beveled 
from both sides to an angle. It is used 
when two plates are to be butted to- 
gether for a maximum strength weld, 
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Symbols used to designate types of 
welds and joints. 





and can be used only when the electrode 
can be applied from both sides. 

Straight Weld.—This term indicates 
that the plate is left just as sheared. 
With thick plates it should be used with 
a strap, stiffener or frame, or else when 
Inaximum strength is not essential. It 
may be used for a strength weld with 
plates not over 3/16 in. thick, or when 
the edges of two plates are at right 
angles to each other. 

Single Bevel.—This is a term signify- 
ing that the edge of a plate is beveled 
from one side only to an angle. This 
design is used for strength welding when 
welding can be done from one side only, 
or when it is not possible to finish the 
adjoining surface. 

Double Bevel.—This means that the 
adjoining edges of both plates are beveled 
from one side only to an angle. It is 
used when maximum strength is needed 
and where welding can be done from one 
side only. 

Under “Position of Weld” the term flat 
signifies that the welding material is ap- 
plied on the same plane as the floor, 
allowing the electrode to be held in an 
upright position. 

Horizontal indicates that the welding 
material is applied to a seam or opening 
whose plane is vertical to the floor with 
the line of the weld parallel to the floor. 

The vertical position means that the 
welding material is applied to a surface 
or seam which is upright or vertical to 
the floor. 

The overhead position is determined 
when the welding material is applied 
from the underside of any parts whose 
plane is parallei to the floor, and thus 
necessitates the electrode being held in 
a downright or inverted position. 


THE DESIGNATION “KIND OF WELD” 
REFERS TO THE SERVICE REQUIREMENTS. 


A caulking weld is one in which the 
density of the crystalline metal closing a 
seam or opening must be such as to al- 
low no visible leakage under a water, oil 
or air pressure of 25 lb. per square inch. 

A strength weld requires that the sec- 
tional area of the welding material be 
such that its tensile strength and elonga- 
tion per square inch must equal at least 
80 per cent of the ultimate strength per 
square inch of the surrounding material. 

In a composite weld the strength must 
meet the requirements specified for a 
strength weld, while the density must 
equal that of a caulking weld. 

A tack weld consists in welding in 
small sections or spots, for holding two 
edges together or for temporarily hold- 
ing in place parts that are to be solidly 
welded. 

Several different “Types of Welds” are 
in use. The reinforced weld indicates 
that the deposited metal is built up 
above the plane of the surrounding ma- 
terial. This type of weld is% used to 
obtain the maximum strength. 

The flush weld signifies that the weld- 
ing material is finished level with the 
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surrounding parts, or at an angle of 45 
deg. when it is used to connect two sur- 
faces at an angle to each other. Inas- 
much as less metal is applied, the 
strength is less than that of the rein- 
forced type. 

A concave weld is one in which the 
deposited metal is finished below the 
level of the surrounding material or, in 
case of an angular connection, beneath a 
45-deg. plane. This type of weld is 
weaker than either of the foregoing and 
is used for filling in seams, caulking, and 
sO on. 


CLEANING THE METAL TO BE 
WELDED Is IMPORTANT 


Welding must always be done on 
clean metal, as the presence of oxide, 
dirt or grease interferes seriously 
with the process. Parts which have 
a coating of heavy grease should be 
cleaned by washing with gasoline or 
boiling in a lye solution. Surfaces 
covered with paint must also be thor- 
oughly cleaned before welding. Two 
wire brushes, one a casting brush 
with long, coarse wires and the other 
a painter’s wire brush about 114 in. 
wide and with rather fine wires, are 
useful in removing red oxide and 
dirt which is not greasy. Mill scale 
or the oxide left from the oxy-acety- 
lene torch, or scale formed on top of 
the weld, cannot easily be removed 
by a wire brush. Scale may be loos- 
ened by a roughing tool in the form 
of a chisel, and removed by a wire 
brush, but sand blasting is prefer- 
able. Sandblasting is a rapid and 
easy means of obtaining a clean sur- 
face and if much welding is done a 
suitable outfit should be secured. 

The cleaning should extend over a 
considerable area in the vicinity of 
the fracture to be welded, in order 


to expose any flaws or defects, such 
as gas pockets, shrinkage cracks, and 





Electrical Review 


INDUSTRIAL ENGINEER 





so on, that may exist. Such defects 
often go unnoticed and later form 
the basis of another failure. 

Slag inclusions are a common 
source of weakness in all welds, and 
can be eliminated only by keeping 


Added Metal Cast Slee! 
White Cast Tron a 


Gray Cost ee 


\ SS 


A weld in cast iron contains three 
kinds of metal. 


The molten cast iron combines with 
a portion of the carbon originally 
present as graphite, and on chilling 
rapidly forms hard and brittle white 
cast iron. The first layer of the de- 
posited metal also takes up enough 
carbon to make it very hard, on 
rapid cooling. The remainder of the 
deposit is much softer. 



















the work perfectly clean as the weld- 
ing progresses. Dirt or scale on the 
surface will cause the are to shift 
and become erratic, resulting in un- 
due exposure of the arc stream to 
the atmosphere, with an attendant 
increase in brittleness. The scale or 
slag formed on top of the deposited 
metal should therefore always be re- 
moved before adding one layer to 
another. 
WELDING PROCEDURE VARIES WITH 
THE CHARACTER OF THE METAL 


Welding Cast Iron.—When metal 
is fused to a piece of cast: iron by 





Crack in a locomotive cylinder pre- 
pared for welding by the insertion 
of wrought iron studs. 


When welding cast iron parts, it is 

the usual practice to insert a num- 

ber of wrought iron studs along the 

line of the break, in addition to 

V-ing out the edges. These -studs 

facilitate the deposition of the metal - 
and make a much stronger and more 

serviceable weld. 
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the arc-welding process, using an 
iron or mild steel electrode, the metal 
at the base of the deposit will be 
very hard and brittle. At the point 
of arc contact the cast iron is melted 
and iron or steel is deposited into 
the molten spot from the electrode. 
The metal at the line of union and 
immediately adjacent thereto is what 
may be called “semi-steel.”” Some of 
the carbon of the cast iron is ab- 
sorbed by the deposit and as the 
melted metals usually cool quickly, a 
hard structure will be formed at the 
base of the deposit. The distance 
the hardness extends up through the 
deposit will be governed largely by 
the depth of fusion of the cast iron 
and the chilling action of the section 
being welded. If the cast iron is 
melted only for a slight depth, by 
using a small electrode and a very 
low heat value, the amount of carbon 
absorbed by the deposit will be small, 
so that in many cases the surface of 
the deposit will not be appreciably 
hard. There will, however, be a hard 
line at the point of union if the cast 
iron is actually fused. 

If an excessive heat value is used, 
not only will the deposit be hard 
throughout, but the adjacent molten 
cast iron will combine with the car- 
bon and on cooling quickly will form 
white cast iron. From this it will 
be seen that a heat value as low as 
is consistent with good work should 
be used for cast iron welding by the 
metallic arc process. 

During welding, the impurities in 
the cast iron and those formed by 
welding tend to rise to the surface 
of the deposit, and may be trapped 
in the first layer, on rapid cooling. 
Quick cooling may cause checks in the 
hardened (Continued on page 258) 
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WHERE SPEED of production 
is an important consideration, as 
it is in most plants, convenience 
and reliability in the operation 
of the electrical equipment are 
equally important points. Motors 
and other apparatus may be lo- 
cated out of the way of machine 
operators. But the control must 
be always under the operator’s 
thumb, so to speak. At the same 
time motors must be protected so 
that the overzealous operator 
cannot force them beyond their 
overload rating. 


Here Is a Plant 
Where Handy and 


Protected 
Motor 


Service 


Has Speeded Up 
Machine Production 


By T. W. C. HARTMANN 


Engineer, Keystone Spring Works, 
Philadelphia, Pa. 


N a recent installation at the Key- 
| stone Spring Works, Philadel- 

phia, Pa., protection for motors 
and convenience in operation have 
been combined in a practical manner. 
In this plant all machines are driven 
by individual motors, usually mount- 
ed overhead. They are controlled at 
the machine by push buttons which 
operate magnetically closed circuit 
breakers, also mounted at the ceil- 
ing, with protection afforded by re- 
lays. The entire installation is en- 
closed in steel conduit or boxes. 

It was in January of this year that 
this company completed its change- 
over from steam to electric drive. 
The installation of individual motors 
for each machine was done during 
the course of three months without 
an interruption to production. This 
work was done under the direction 
of Arthur H. Allen. 
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A trimming press in the plant of the Keystone Spring Works, Philadelphia, Pa., 
is shown here driven by a 3-hp. induction motor. The features of control and 


protection are illustrated 


The company makes springs for 
various kinds of motor-driven and 
horse-drawn vehicles. This work re- 
quires such machines as rollers, drop 
hammers, eye machines, slot and 
nibbers, shears, punch and trimming 
presses, grinders and drill presses. 
A number of these machines, like 
the rollers and presses, have heavy 
flywheels. The inertia of these fly- 
wheels combined with the abnormally 
high room temperature caused by hot 
gases from furnaces and forges, 
makes starting and operating condi- 
tions on many of the motors unusu- 
ally severe. 

Thirty Triumph motors ranging in 
size from 1 hp. to 5 hp. were in- 
stalled for the machines and oper- 
ate on a 220-volt, 60-cycle, 2-phase, 





in the inserted diagram. 


4-wire distribution system. The mo- 
tors are mounted on the ceiling 
beams and belt-connected to the ma- 
chines. The circuit of each motor 
passes through a Square D safety 
switch located above the machine on 
the ceiling beams. These switches 
are bolted to two strap-iron pieces 
which are screwed to the sides of the 
joists or beams. 

On the same strap-iron supports 
immediately below the safety 
switches are bolted Monitor “ther- 
maload” starters. Each starter is 
enclosed in a steel box. It consists 
of a small air-break circuit breaker 
and thermal-limit relays that provide 
low-voltage, overload and_ single- 
phasing protection and operate as de- 
scribed in the following paragraphs. 
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Remote-controlled starter used for 
throwing small alternating-current 
motors on the line. 


A view of the inside of the starter 
box is shown at the left and at the 
right a schematic diagram of the 
starter and connections. When the 
button to the left in the diagram 
is pressed the solenoid pulls the 
breaker to the closed position. Nor- 
mally it remains in this condition 
until the button to the right is 
pressed. It will open, however, un- 
der the‘ following conditions: (1) 
Overload of sufficient magnitude and 
duration to damage the motor; (2) 
low voltage, and (3) failure of one 
phase when the motor is carrying 
such a load as to cause damage to 
the windings on phase failure. A 
general idea of the connections can 
be obtained by observing the small 
diagram inserted in the large illus- 
tration at the beginning of this 
article. 
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Running through conduits down to 
the driven machine is the control 
wiring, and mounted on the machine 
is the control station, consisting of 
start and stop push buttons. This 
station is small and can be placed in 
accessible locations without interfer- 
ing with the work on the machine. 
The accompanying photographs show 
that these little stations are very 
close to the operator’s hand. 

These starters connect the motor 
directly to the line. As the diagram 
above shows, when the starting 
button is pressed, the solenoid is en- 
ergized and this closes the circuit 
breaker. Only momentary pressure 
of the button is needed as an aux- 
iliary contact made upon closure of 
the breakers maintains the circuit 


through the solenoid. To shut down 
the motor, the “stop” button is 
pressed. This opens the solenoid cir- 
cuit, thus releasing and opening the 
breaker. 

On overload the relays open the 
solenoid circuit and thus shut down 
the motor. The relays depend for 
action on the expansion of a corru- 
gated metal tube. This is a closed, 
double-walled tube with the space 
between the walls filled with a non- 
corrosive and non-freezing liquid. 
Inside the tube is a thermal element 
consisting of a coil of wire through 
which the motor current passes. Ex- 
cessive current heats this wire and 
the heat absorbed by the tube causes 
it to expand. When the tube ex- 
pands to a certain length it opens 





the circuit to the solenoid, thus open- 
ing the breaker. Whenever the 
breaker is open it can be closed only 
by pressing the control button. An 
interesting feature of such protec- 
tion is that momentary overloads 
which will not damage the motor do 
not raise the temperature of the 
expansion unit sufficiently to open 
the circuit. Furthermore, motor and 
starter are located near each other, 
so that local temperature conditions 
affect both. Low voltage will cause 
the holding solenoid to release the 
contactor and open the circuit. 
Failure of one phase will trip the 
relay provided the current drawn by 
the motor is sufficient to damage the 
motor. 

The same type of controller is 
used by all motors. The thermal ele- 
ments of the relays are interchange- 
able, all being of the same construc- 
tion with the exception of their cur- 
rent-carrying wire which determines 
the rating. The thermal elements 
are made of large-size low resistance 
wire. Each unit is wound for a par- 
ticular rating and the resistance is 
so chosen that the watt consumption 
at full load will be approximately 
2.14 watts. Therefore a given relay 
can be used for any rating by insert- 
ing the proper thermal element. To 
prevent unauthorized tampering, the 
boxes may be locked if desired. (Con- 
tinued on page 257) 





These two installations show how 
convenient push-button control can 
be made while the switches are 
entirely out of the way near the 
ceiling. 

At the left the push buttons are 
located on the machine frame almost 
touching the hand which feeds the 
drill. A squirrel-cage i-hp. 2-phase 
60-cycle motor drives the drill. The 
starters and safety switches for 
this motor and others can be seen 
mounted on strap-iron supports hung 
from the ceiling beams. 
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THE METHODS outlined in this 
article can be followed for rewind- 
ing stators of small single-phase mo- 
tors, including the repulsion-starting 
type. The suggestions on inspec- 
tion before stripping are important 
and will not only locate troubles 
and faults but save much time. The 
directions for taking data from the 
old motor, stripping the winding, 
insulating the slots, making a skein 
and winding it in place, putting on 
a hand winding, connecting the 
windings and testing the completed 
job, are the result of much expe- 
rience in rewinding work. Mr. Roe 
is shop superintendent of the De- 
troit Service Department of the 
Westinghouse Electric & Manufac- 
turing Company. 


Step-by-Step 
Procedure for 


Winding 
Split-Phase 
Motors 


And Locating 
Troubles Explained 
by A. C. Roe 


EFORE STARTING to dis- 
B assemble a small alternating 
current motor that comes 

into a shop for repairs, it should be 
given a thorough general inspection. 
This inspection will locate most me- 
chanical faults and electrical troubles 
such as an oily switch, bent switch 
parts, worn bearings, starting or 
running windings burned out or 
water-soaked coils. These troubles 
are easily found, but sometimes a 
motor which is apparently in good 
condition may not operate properly. 
When a motor has been found in 
good condition after a general in- 
spection, it should be tested with 
twice normal voltage (alternating 
current) from ground to the wind- 
ings. If the windings hold up un- 
der this test. and the trouble does 
not show up, it must be located in 
other ways. If the bearings are 
o. k. and the windings and connec- 
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tions are good, but the motor will 
not start, bring the motor up to 
speed and throw it on the line. The 
motor may be brought up to speed 
by winding a length of tape around 
the shaft and then giving it a quick 
pull. After the motor has been 
started in this manner and thrown 
upon the line and it operates with- 
out heating or unusual noises, the 
running winding is in good shape, 
but the failure to start is probably 
due to an open circuit in the start- 
ing winding. To find this, remove 
the end bells and the rotor. Check 
each section of the winding with a 
test lamp from the leads to. the 
switch, switch to the coils and across 
each coil until the open circuit is 
located. 

If the motor will not start after 
being rotated by the tape method, 
but tends to jam and hum, there is 
probably a short circuit in the run- 
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In such a case, remove 
the end bells and rotor and connect 
the running winding across the line. 
Place the blade of a screwdriver 
against the iron in the center of 
each coil and pull it up. away from 


ning coils. 


the iron to test the magnetic 
strength of each coil. The coil which 
has the least pull is the short cir- 
cuited one. A small growler, such 
as used for testing larger motors, 
may be made for testing the stators 
of small motors. In making this 
test, do not leave the current on the 
windings too long or they will burn 
out. 

If the windings seem in good con- 
dition but the motor will not pull 
its load, inspect the rotor to see if 
all the bars are making good con- 
tact. If poor contacts are found, 
resolder the rotor. Sometimes a mo- 
tor will start but will not come to 
speed on account of the fact that the 
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springs on the switch are too light 
and fly out before the rotor reaches 
the running speed. 

If the trouble cannot be deter- 
mined by any of these methods, it. 
may be well to read further into this 
article to learn how the windings are 
put on and connected. An under- 
standing of the windings will often 
help the repair man to know just 
what the trouble is. 


TAKING THE DATA FROM THE MOTOR 
BEFORE STRIPPING 


When it is known that the motor 
has to be rewound, the first thing 
to do is to take the winding and 
nameplate data. A very good plan 
is to use individual 3-in. by 5-in. 
cards for each motor, such as shown 
in A, Fig. 1. First take the name- 
plate data of the motor, putting 
down the horsepower, voltage, cycles, 
speed, serial and style numbers, etc. 
After this data is recorded, then put 
down details of the kind of connec- 
tion, the number of coils, etc., as 
shown on the card in Fig. 1. The 
method of getting all this informa- 
tion is described in the following 
paragraph. After the cards are 
filled out they should be filed in al- 
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phabetical order according to the 
customer’s name, for working refer- 
ence. When the rewinding job is 
completed, the card should be filed 
according to make, such as Westing- 
house, General Electric, Robbins & 
Myers, etc. Under each make they 
should be sorted into types, such as 
CA, AR, etc., and finally subdivided 
according to horsepower. When a 
file of this kind has been built up it 
can be consulted whenever a motor 
is brought into the shop for rewind- 
ing and if the motor is identical with 





Fig. 1—Data like this should be 
recorded before a small single- 
phase motor is stripped. 


A convenient way to record such 
data is to use 3-in. by 5-in. cards as 
shown. At 4 is the face and at the 
right the back of the card. The 
back is filled in to indicate the num- 
ber of times the skein is placed in 
the different slots of a= skein- 
wound stator. The same winding is 
indicated at B and C which show 
the back of a card filled in by two 
different methods. The top illustra- 
tion at right of A shows a more 
complete method which contains the 
same information as shown in C. 
The figures indicate the number of 
turns in the slot. For a beginner it 
may be better to follow the method 
shown at the right of 4 as this in- 
dicates more clearly the number of 
turns in each slot. At D are data 
for a two-pole motor. At E is in- 
formation taken from a_ skein- 
wound four-pole motor in which the 
coils do not overlap. 
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one which has been wound before, 
the former information may be fol- 
lowed without going to the trouble 
of getting the information again 
from the motor received. 


How TO GET INFORMATION ON 
WINDING AND CONNECTING 
FROM AN OLD MOTOR 


After the nameplate data has been 
put down, the number of slots, the 
bore and length of the stator iron 
should be recorded and the connec- 
tions should be checked, whether 
series or parallel, etc. Then to make 
the stator easy to strip and to take 
data from, connect it across full line 
voltage and allow current to flow 
through the windings (both running 
and starting) until they smoke and 
become hot. This will loosen all the 
varnish, oil, etc., and allow the wires 
to be pulled apart. The information 
on the starting windings should be 
taken first because they are usually 
on top. Most starting windings are 
skein wound. In getting the informa- 
tion, lift up the end starting coil so 
that you can see how many slots are 
skipped from one side of the coil to 
the other and the number of times 
the skein is put through each slot. 
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Section A-A 








In A of Fig. 1 the starting winding 
skipped five slots as indicated by 
the dots and slots 7 and 13 each con- 
tain one side of the skein. In slots 
6 and 14 the skein is put through 
twice. The starting coils do not 
overlap each other. 

It is very important before remov- 
ing the winding of a repulsion type 
of motor to mark the slots in which 
a pole group starts. The motor must 
be rewound so that the general line 
of the pole will be in the same posi- 
tion in reference to the brush as it 
is in the original winding. 

The data for the main or running 
winding is next recorded. This may 
be either a hand or skein winding. 
It is easy to determine which it is 
by inspection. The skein winding 





Fig. 3—Winding a skein on an ad- 
justable shuttle. Details which 


show how to make this shuttle are 
given in Fig. 2. 





Fig. 2—Details of an adjustable 
shuttle on which skeins are wound. 
Fig. 3—Shows the shuttle in opera- 
tion. 





will show the ends crossing each 
other whereas the hand-wound coil 
will have a neat uniform appearance. 
The data in A of Fig. 1 shows that 
in the main winding, the slots 4 and 
7 have thirty turns. Slots 2, 3, 8 
and 9 have sixty turns, showing that 
two turns of the skein were in these 
slots. The dividing line in slots 1 and 
10 indicates that the coils overlap. 
The data also show the position of 
the running winding in reference to 
the starting winding. All of this in- 
formation should be put down on 
the card. The drawings in B and C 
of Fig. 1, show the winding data put 
down in a more simple manner. This 
may be followed when a man has 
had considerable rewinding experi- 
ence. 

It is a good practice to employ the 
following rule for hand windings. 
Put down the number of turns per 
slot as shown in A and the upper 
part of C in Fig. 1. For skein wind- 
ings put down the number of times 
the skein passes through each slot, 
as shown in B and the lower C of 
Fig. 1. Put the main winding data 
on top and the running winding at 
the bottom. When coils overlap de- 
note it by using a diagonal dividing 
line, as shown. Note that in all 
these cases the length of the skein 
and the pounds of wire total is put 
down. The length of skein is the 
length of the completed skein and 
not the length of the entire wire be- 
fore it is wound into the skein. 

At D of Fig. 1 is the data for a 
two-pole motor. At E of Fig. 1 is 
the data for a skein-wound four-pole 
motor in which the coils do not over- 
lap. The data in this case indicate 
that one slot is skipped between each 
adjacent running coil and the start- 
ing winding is passed through this 
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slot four times. Also, the skein is 
passed through slots C and A twice, 
and through slots D and A twice, 
making four in A, two in C and two 
in D. If desired, this particular 
winding could be reconnected for 
eight consequent poles. 


INSULATING THE CORE AND 
THE WINDING 


Cut insulating cells of 0.007-in. 
fish-paper for the slots. These should 
be about % in. longer than the slot 
and should come just below the top 
of the slot. In addition to this a 
tan treated-cloth slider of the same 
shape should be used in each slot, or 
0.007-in. fishpaper may be employed 
as a slider. When coils overlap a 
treated-cloth cell for the top coils 
should be cut % to 1 in. longer than 
the slot in order to protect one coil 
from another. Also in slots that 
contain both a running and a start- 
ing coil put a treated-cloth cell be- 
tween the two coils. It is good prac- 
tice to use 0.010-in. asbestos paper 
between the running and starting 





Fig. 4—A skein winding partly 
completed on a two-pile stator. 


The top coils represent one-half of 
the running winding, which is al- 
ready in place. The other half of 
the winding has been started below. 
This is a split skein winding. One- 
half of the winding is shoved 
through the opening at a time and 
then the other half is brought 
through and placed in the same 
slot. Notice how the coils are placed 
with reference to the studs which 
hold the end bells of the motor in 
place. This picture also illustrates 
a convenient holding clamp. 
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Fig. 6—This is the way the loops of 
a hand winding are slipped through 
the opening and into the slots. 


A skein winding may be put on in 
the same manner after the winder 
has had some experience. 





coils. The reason is that the start- 
ing winding is “nine times in ten” 
the one which burns out when the 
motor stalls. In some cases the 
starting winding is completely 
roasted out. If there is no insula- 
tion between this winding and the 
running coils the heat will burn the 
insulation off the running winding, 
which will cause short circuits and 
burning out of the entire winding. 
The use of asbestos paper will con- 
fine the burning to the starting 
winding alone. This winding is the 
easier to remove and rewind. 

It used to be the practice to tape 
the ends of coils with cotton tape. 
Usually this is not needed, but the 
ends must be tied together with a 
cord. However, in cases where the 
winding is exposed to dust, etc., the 
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ends should be taned. In any case 
dip the motor after winding in a 
good baking varnish and bake. 


How TO MAKE A SKEIN 


In all small alternating-current 
motors use single-cotton-and-enamel- 
covered wire. After the length of 
the skein is determined, as already 
described, it is wound by means of 
a contrivance such as that shown in 
Figs. 2 and 3. The pegs are set at 
the proper distance and the device 
is turned on its axis until the proper 
number of turns are put on. Then 
the skein is taken off and wound on 
the motor stator. 


WINDING A SKEIN ON THE STATOR 


The drawings in Fig. 5 show the 
different steps in putting a skein in 
a stator. Fig. 4 shows a two-pole 
stator with one coil in place and the 
second coil partly wound. This also 
shows what is known as a split skein 
which will be described later. When 
the size of wire is larger than No. 
19 and the total turns per skein 
make a bunch % in. square or larger, 
the skein is wound in two sections 
to make it easier to handle. 

The different steps shown in wind- 
ing the skein in Fig. 5 follow the 
data in A of Fig. 1. At A of Fig. 
5 the skein is shown started in slots 
4 and 7 with the lead end of the 
skein at the bottom of the drawing. 
This satisfies the center part of the 





Fig. 5—Steps followed in putting on 

a skein winding. 

This is the running winding of the 

motor for which data is shown in A 
and B of Fig. 1. 
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Fig. 7—In hand winding steel rods 
are placed in the slots which are 
to be left vacant when putting on 
the running winding. 


The wire is wound around under- 
neath these rods, which hold the 
coils down and reserve room for the 
starting winding to be put on later. 





data shown in A of Fig. 1. This 
data is 1-0-0-1, so that the winding 
is in slots 4 and 7 and two slots in 
between are skipped. 


WINDING Must BE STARTED IN THE 
PROPER PLACE ON A STATOR 


In most cases it is necessary to 
start the winding at a certain point 
on the stator. With the repulsion 
type of motor the coils must be put 
back in place in the same arrange- 
ment as the original coils. If they 
are shifted with reference to the 
brush ridging it may be difficult to 
fit the brushes so that the motor will 
operate correctly. The neutral mark 
and the rotation mark on the brush 
shell will have to be relocated. If 
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the coils are shifted too much the 
motor cannot be made to operate 
properly. 

In any type of motor care must be 
taken to start the winding at such 
a point that when completed it will 
not rub against the studs or bolts 
which pass through the core and 
hold it together. Fig. 4 shows how 
a coil should be placed so that the 
thick or high part of the completed 
winding: falls in between the studs. 
If this is not done the high part of 
the winding will rub upon the bolt 
when the motor operates and this 
will result in grounding the wind- 
ing. Fig. 4 shows a two-pole stator, 
which is one of the hardest to wind 
and shape. The upper coil shows 
the proper position for a two-pole 
coil in reference to the studs. The 
lower coil, which is just started, is 
in the proper position for a com- 
pleted four-pole winding. A general 
rule for locating the coils for two 
poles and four studs is that the outer 
ccils should lie in the slots midway 
between the studs. For four poles 
and four studs the outer coil, or the 
last one wound on, should lie in the 
slot above the studs. 

The first turns of the skein should 
be shaped to conform to the curva- 
ture of the stator bore. They should 
be bent down to allow room for the 
starting winding to be placed on top 
of them. ‘Fig. 4 illustrates this 
method of shaping the coils. Care 
must be taken to keep kinks and 
twists out of the wire. Also each 
coil must be pressed tightly against 
the core and against any other layers 
of coils which have been put in be- 
fore. If this is not done there will 
not be enough of the skein left to 
make the last turn of the skein. 

After the first turn is put in the 
slots as shown in A of Fig. 5, the 
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Fig. 9—A hand winding is put on a 
stator in this way. 


After a little experience a man can 
put a skein winding on in this 
manner. It is a good deal easier 
than the method shown in Fig. 5 as 
the entire skein does not have to be 
brought through the opening in the 
stator. 





skein is twisted as shown in B. The 
right-hand side of the skein is 
twisted over the left-hand side so as 
to make the part “a” change place 
with the part “‘d.” The skein is then 
bent over and pushed through the 
opening in the stator and the side 
“a”’ is threaded into the slot 8, while 
the slide “d” is threaded into slot 3, 
as shown at C. The skein is twisted 
again as shown at D, and pushed 
through the hole in the stator and 
threaded again into slots 3 and 8. 
This leaves the winding as shown at 
E, which satisfies the directions 
2-1-0-0-1-2. At F' the skein is twisted 
ready to push through and thread 
into slot 2 and 9 as has been done 
at G. Another twist is made at H 
and the skein is brought back 
through slots 2 and 9, as shown at 
I. The remaining length of skein 


N° 6.- COPPERWIRE. 






















































233 





is given another twist as at J and 
threaded into slots 1 and 10. This 
completes the coil and satisfies the 
entire winding data, which is 1-2-2- 
1-0-0-1-2-2-1. It makes no difference 
which way the skein is twisted each 
time as the polarity of the coil will 
not be affected, nor will the coil sides 
neutralize each other after a change 
of twist. 


EASY METHOD OF SKEIN WINDING 
FOR AN EXPERIENCED WINDER 


The method of putting on a skein 
winding which has just been de- 
scribed is the one which involves 
the least possibility of making mis- 
takes. A study of this method 
should result in a clear understand- 
ing of the principles of skein wind- 
ing and of the position of the skeins 
upon the stator. There is, however, 
a quicker and easier method of wind- 
ing a skein which may be used by a 
man who has had some experience. 
This method does not require push- 
ing the entire skein through the 
small stator opening. Instead a small 
loop is made in the skein and this 
alone is shoved through the opening, 
after which it is fitted into place in 
the slot. The drawing in Fig. 9 
shows this method and Fig. 6 shows 
the same principle in use with a 
single wire in a hand.winding job. 
In winding with this method a twist 
or a loop similar in shape to the 
small letter “e” is put first in one 
side of the coil and this loop is 
slipped through and the wires are 
placed in the proper slot. Then the 
loop is made in the other side of the 
coil and the second loop is slipped 
through. A little practice will en- 
able a winder to master this method. 


.SOMETIMES IT IS BETTER TO USE 
A SPLIT SKEIN 


As already mentioned, when the 
wire is larger than No. 19 and the 
skein is over 1% in. square, it should 
be wound in two sections to make it 
easier to handle. When winding the 
skein upon the shuttle half of the 
total turns are wound on, then the 
skein is tied in two places with a 
cord or tape. Without cutting the 
wire the rest of the skein is wound 





Fig. S—A small dummy rotor used 
to tell the direction of rotation. 


When this rotor is held inside the 
opening it will revolve in the same 
direction as the real rotor will turn 
when it is put in the motor. This 
little rotor may be used for testing 
the direction of rotation of: large 
motors. It is held inside the stator 
close to the iron and moved around 
the core. 
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Fig. 10—A coil-wound stator of a 
single-phase motor. 


This differs from the usual repul- 
sion motor in that the coils are 
wound before being placed in the 
stator. The motor is a four-pole 
single-phase machine. It has six 
coils per pole in a concentric chain 
winding. The sixth coil of each 
group overlaps the sixth coil of the 
adjacent group. Six sizes of coils 
are used, four of each size. Each 
coil is threaded in and then the ends 
are taped from slot to slot. 





upon the first section with a space 
between. The crossover of the single 
wire from the first section to the 
second section should be made at the 
end of the skein opposite to the lead 
end. This crossover end is put in 
the motor first. The winding is 
started in the same way as when 
winding a skein which is not split. 
After the winding is in the first two 
slots, however, before the first twist 
is made the two halves of the wind- 
ing are separated. Then the twist 
is taken in the top half of the skein 
and this is shoved through the open- 
ing of the stator, and the coil sides 
are put in place in the slots. Then 
the other half of the skein is twisted 
and it is shoved through and the 
coil sides put in place on top of the 
preceding ones. In Fig. 4, the upper 
section of the skein is shown crossed 
ready to put through the slot. After 
beth sections are put through the 
slots the stator is turned around and 
the operation repeated. This time 
the lower section of the skein is on 
top. 

With the split winding as well as 
the simple skein winding, instead of 
shoving the entire skein through the 
slot the simpler method can be used 
as already described. This is the 
method in which a small loop only 
is shoved through the opening. 

When putting on the main wind- 
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ing in the slots in which the start- 
ing winding also will go, room must 
be left for the starting winding. 
Two or more loose fitting fibre 
wedges should be put into the slot 
into which the starting winding goes. 


How A HAND WINDING Is PuT 
ON A STATOR 
In a hand winding, one wire is 
threaded in at a time, the wire being 





Fig. 11—Out-and-in method of con- 
necting a skein or hand winding 
(A and C) and a special 8-pole, 
4-coil winding (B and D). 


In the upper part of 4 is shown the 
method of connecting up a skein 
winding after it is in place. At the 
lower part of A is a diagram show- 
ing the connections for a hand 
winding in which the wire is cut be- 
tween coils. Note that in both of 
these cases when the current is as- 
sumed to come “out” of the finishing 
lead of one pole, it passes “in” on 
the starting lead of the next pole. 
The coils are all wound in the same 
direction, clockwise. It is not neces- 
sary to cut the leads of a hand 
winding if it is put on as shown at 
C. In this case, the first coil is 
wound clockwise,, the second is 
wound counter-clockwise, the third 
clockwise, and winding is continued 
in this manner. It will be noted that 
the coils form alternately north and 
south poles. A consequent-pole motor 
having four coils and eight poles is 
shown at B and D. The diagram 
shown here is for a series connec- 
tion. A parallel winding of the 
same motor is shown in C of Fig. 12. 








235 





unwound from a full reel and cut at 
the finish of each coil. This type of 
winding is resorted to when the wire 
is large or when the slots are high 
and narrow. In hand winding the 
wire is formed into a loop like the 
letter “e,’ as shown in Fig. 6 and 
Fig. 9. This loop is formed usually 
with the right hand, while the left 
hand guides the wire into the slot 
and forms it across the rear of the 
stator. To keep the winding from 
climbing up above the core, it is a 
good plan to use pieces of round 
cold-rolled steel, cut in 8-in. lengths. 
These should be about 1% in., 3/16 
in. or 4% in. in diameter. They 
should slide easily into the slots but 
be too large to pass out of the open- 
ing at the top of the slot. These 
bars are placed in the slots reserved 
for the starting winding and the 
wire is wound underneath them as 
shown in Fig. 7. The wire goes up 
to the bars but the slot holds them 
down so that there will be room 
for the starting winding. 
Hand-wound coils are started in 
the two inside slots in the same man- 
ner as a skein winding. When these 
two slots are filled the next two are 
started. As may be seen from A, 
Fig. 11, slots 3 and 5 are first filled, 
then slots 2 and 6, and last slots 1 
and 7. The last section of coil “B” 
also overlaps coil “A” in slot 7. In 
the winding shown in A, Fig. 11, the 
wire is cut after each coil is in place 
and the sleeving is put on. The coil 
ends are later connected up to form 
poles, as this article will tell further 
on. Each succeeding coil is wound 
in the same direction. For instance, 
the wire is started in slot 1 and 
wound across the back to slot 5 and 
then in succession to slots 2, 6, 1 
(Continued on page 256) 
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HEN talking with 

men about their work 
and the people for whom 
they work, it is often no- 
ticed that the office execu- 
tives and some of the 
heads lower down are referred to as “they.” In some 
cases this may be simply a loose habit, but in others 
it emphasizes the failure to recognize that there cannot 
be a “they” in the right kind of an organization. If 
everybody is on his job and doing something worth 
while, it is possibly only through the support and as- 
sistance of those with whom and for whom he works, 
and when referring to this group it sounds a whole lot 
better to say “we.” Besides, it indicates a kind of 
thinking that leads somewhere when the “we” includes 
a large group. 

A story that brings out this point goes something 
like this: Three men who were working on a church 
were asked what they were doing these days. One said, 
“Just laying bricks.” The second replied, “I’m getting 
ten dollars a day”; but the third said, “We are building 
a cathedral.” It’s not hard to guess which was doing 
the thinking, realizing that one day’s work didn’t just 
lead to another and that when the work of himself and 
his fellows was finished, it would be a monument of 
accomplishment, something of which all interested 
might be proud. 


When It’s “We” 
and 


Not “They” 
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N interesting phase of 
industrial progress is 

the constant creation of 
new trades or callings. A 
case in point is the field 
which has been opened by 
the increasing use of electric arc welding for the repair 
or reclamation of a wide variety of iron and steel 
equipment. Electric welding is not a new or untried 
process, but it is only recently that its great possibili- 
ties have been demonstrated on a large scale in the sav- 
ing of time and material, which means money. It must 
not be forgotten, however, that electric welding also 
offers equally great possibilities of failure and disap- 
pointment unless skillfully carried out with due 
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regard to the conditions which have been found essen- 
tial to the production of good work. Electric welding 
means a great deal more than melting a piece of iron 
wire into a crack or seam by means of the electric cur- 
rent. If this physical action is to give the results 
desired there must be back of it suitable equipment and 
a good deal of diversified and yet specialized knowledge. 

If anything but routine work is to be handled, there 
is need of a designer or supervisor with a thorough . 
understanding of the principles of arc welding, sup- 
plemented by a broad mechanical knowledge, to specify 
intelligently how the parts shall be prepared and the 
form of joints and welds to be used, in view of the con- 
ditions of service to which the part is subjected. More- 
over, he must have a sound knowledge of the composi- 
tion and the effects of heat on the various kinds of iron 
and steel, in order that directions as to when and how 
work should be annealed may be properly given. And 
at the welder’s bench there must be a conscientious 
workman who knows by observation and experience how 
good welds should be made, who has demonstrated his 
ability to make them consistently. This is clearly 
brought out by Mr. Wanamaker in his article on page 
218 of this issue. 

There is nothing haphazard about arc welding, nor 
are good welds ordinarily the result of chance or guess- 
work. To produce them requires, on the one hand, a 
sound grasp of the factors and principles involved, and 
on the other, the skill obtained by putting these prin- 
ciples into practice. And there is a wide field with 
attractive possibilities for those who are equipped with 
this knowledge and experience. 


<i 
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T seems a little strange 
that after more than 35 
years of experience with 
electrical service we should 


What Information 


on Motor Service 
Do You Keep? 








actually know so little 








about motor applications 
from the standpoint of operating and maintenance costs 
per unit of output, as a check on the good or bad prac- 
tice they represent. Manufacturers have built good 
motors and they have performed remarkably well, even 
when roughly treated. They have performed so well, 
in fact, that few users can say just what the life of a 
motor in years really is. Motors have been bought and 
placed in service without considering much more than 
the horsepower rating, speed and first cost. But con- 
ditions are changing, because service conditions in the 
average plant are changing and being studied much 
closer than only a few years ago. Machine production 
is being measured and increased and individual machine 
units with separate motors are the style. This calls for 
something more than guesswork on motor performance. 
It is, indeed, unfortunate that when these conditions 
are brought to the attention of more than one manu- 
facturer, they at once plunge the operator into a tech- 
nical discussion of motor characteristics, temperatures 
and insulation, the design, frame sizes, weight, com- 
petitors’ arguments of the 40-degree and 50-degree 
basis of rating and such theoretical considerations that 
most technical specialists in motor manufacture are not 
in agreement on. This is all wrong. And the motor 
user and operator is partly to blame, for he should 
know as well as the manufacturer, and perhaps better, 
what kind of service his plant demands from a motor. 
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If he don’t know, now is a good time to find out, for 
right here is a place to start to eliminate the technical 
discussions that so often simply confuse him. When 
details of service conditions and operating costs are 
known, the selection of a good motor requires little 
more than common sense when dealing with reputable 
motor builders, and there are only a few of the other 
kind in the business. 

What is needed most now, to combine with common 
sense in motor applications, is more definite service 
information in all kinds of shops using similar ma- 
chines but working on different kinds, shapes and sizes 
of materials. Such a study we plan to make in this 


publication and while it is being conducted we invite 


everyone interested to offer suggestions and points that 
they would like to see covered. Pet ideas and theoret- 
ical discussions will be respectfully listened to, but 
the presentation of this subject is planned on a basis 
that “he who runs may read,” and from this standpoint 
suggestions will be particularly welcome. 
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LECTRIC heating for 

Advantages ovens and other indus- 
of Industrial trial equipment is a fairly 
’ ° ° recent development, com- 
Etec: Heating pared to some of the other 








applications of electric en- 
ergy, but it has made such great advances during the 
past few years that there is no longer any question of 
the advantage which it offers. 

Many operations which involve the use of heat, for 
instance, heat-treating, annealing, core-baking, japan- 
ning and so on, have been successfully conducted with 
electrically heated equipment and the reasons for this 
success have been the same in all cases. This form of 
heating gives absolute control of the temperature and 
renders easily possible the duplication of the desired 
conditions with each load of work that is delivered to 
the oven. 

The production of japanned work of the standard 
required on automobiles demands that sufficient venti- 
lation be provided to remove quickly all products of the 
evaporation and oxidation of the thinners and oil used 
in the japan; that dust be excluded to the greatest pos- 
sible extent and that every piece of work be heated 
to the proper temperature for a sufficient length of 
time to bake the film to the desired extent. Maximum 
production demands that these conditions be duplicated 
with every load of work and with the minimum amount 
of attention on the part of the operator. 

The close control of the temperature and the uni- 
formity of the heating have enabled the electric oven 
to meet these exacting conditions easily. In addition 
to the savings which have resulted from the greatly 
reduced amount of rejections of improperly baked work 
the electric oven has increased production markedly by 
allowing the use of considerably higher baking tem- 
peratures, thus shortening the baking period, and also 
by its greater advantages encouraging an increased 
use of continuous production ovens. 

The fact that the actual cost per B.t.u. may be 
greater for electric heat, as compared with gas or oil. 
is more than balanced by the greater efficiency and in- 
creased production possible; so that electrically heated 
equipment with its accurate and easy control (which 


may be automatic, if desired), low maintenance ex- 
pense, flexibility, and absence of fire risk, offers a very 
attractive solution of many industrial heating problems. 
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66 HEN it is neces- 

Don’t Wait sary to use make- 
Until Accidents shift methods, something 
Happen is wrong. It indicates a 
PP failure to plan and get 








ready beforehand,” said one 

prominent industrial executive recently in talking 
‘about manufacturing methods. This is just as true, 
however, in maintenance and repair work. Of course, 
all breakdowns cannot be anticipated and prevented; 
some are the results of accident or carelessness, but 
even these can be decreased by safety starting equip- 
ment, protective devices and the proper training of 
those who handle the equipment. On page 180 of the 
April issue of ELECTRICAL REVIEW AND INDUSTRIAL EN- 
GINEER, Orville F. Long, in his article on the “Central 
Control of Motors,” showed how he has eliminated 
makeshifts in operation by providing central control 
and so removing all responsibility for the operation of 
the electrical equipment from the operator of the 
machine. 

Those in charge of maintenance can find many ways 
of anticipating accidents. For example, regular inspec- 
tion of motors, oiling schedules, load studies, periodic 
testing where load conditions are severe, all help antici- 
pate breakdowns, because a breakdown of a machine, 
like that of a human being, usually comes as a result 
of long abuse, overwork, neglect, or improper condi- 
tions. Even though the best of care is taken in antici- 
pating and thus preventing a breakdown, those which 
occasionally do happen must be taken care of. To do 
this efficiently requires that some thought be given in 
advance, or each job will be a hurry-up, rush job with 
the “haste that makes waste.” A careful study of 
motors on hand will show a maintenance man how much 
he can prepare for repairs ahead of time. This study 
will show whether it is feasible to have spare motors 
so that a quick change can be made and the repairs 
made at leisure. This also will show how far the main- 
tenance man can go toward carrying repair parts, 
ready-wound coils and other materials which may be 
prepared in advance. Even little things count, such as 
being sure that wire, solder, insulating material and 
fuses, which may be used on practically any job, are 
on hand. Then when the supply of repair material 
runs low do you know what procedure insures imme- 
diate reordering to prevent being caught without it? 

Another thing that should be always on hand is the 
data and instructions for doing a job. After a motor 
or any other piece of equipment has been repaired once, 
it is unnecessary to waste time to again study out the 
wiring diagram before starting the work. Information 
should be already recorded on the first job to show just 
what material was needed and how to do the next job 
of the same size and type. A. C. Roe, in his article 
in this issue on rewinding small alternating-current 
motors, gives one practical method of recording this 
information so that it may be convenient and usable for 
future emergencies. 

In any emergency the man who is ready has a big 
advantage over the man who waits until then before 
he even thinks about what he is going to do. 
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A Question And 
Answer Department 
You Shall Have 


To Use and to Make 
Just as You Want It 


. Y OU WIN! The vote for the Ques- 
tion and Answer department was 
“ves” loud and prolonged. And 

more than that, you have shown the kind 
of interest that means business, for with 
the requests for the department have 
come questions on a wide variety of sub- 
jects. Not all of these can be published 
at once, but a few of the ones received 
first appear in this issue. Now for the 
answers from your own experience on 
the jobs you have worked out. Some- 
times the fellow asking the question may 
call to your mind a precaution or another trouble 
liable to be run into in solving the one he brings 
up. In that case, steer him off the rocks by point- 
ing out what to look for and how to proceed. If 
you do your part this department of the paper 
will be the basis of an operator’s handbook on all 
sorts of industrial problems. 

Just to start the ball a’rolling, I have sent out a 
few of the questions that came early to some of 
the fellows who have liberally contributed to the 
“Service Around the Works” and “In the Repair 
Shop” departments. Some of their answers ap- 
pear on the opposite page. Certainly Messrs. Roe, 
Rich and Walsh are to be congratulated on the 
speed with which they work, for their answers 
were received by return mail. You can’t allow 
them to monopolize all of the talking space of 
the department, however, so let’s get busy and 
make this section radiate experiences from all 
parts of the country. First come will be first 
served in the use of their questions and answers 
—that’s fair, isn’t it? 

Now if you don’t like what some fellows say 
in this department and you don’t agree with them, 
just say so and so long as you don’t call each other 
names you will run a good chance of getting your 
say published. . 

We want to make this part of the paper a place 
where one reader can correspond with all the 
others in his line of work throughout the country ; 
a place where the man in Maine can know how 
it is done in California and the name and kind of 
fellow who is doing it. 
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It seems now that I am going to be “the goat” 
in seeing that the printer gets the copy straight 
and plenty of it—so I need your help with 
answers, fast and lots of them. What do you say 


—are you on, fellows? 
Grodiral GAG 





Who Can Answer These? 


Charges for, Maintenance Service.—I have a number of 
motors which I am taking care of on a monthly basis. 
Please offer suggestions for a basis of rates for this 


service which has been found satisfactory in other 
locations. 
Denver, Colo. W. C. M. 


* * * * 


Armature Winding for D. C. Motors.—Please explain how 
the proper size and number of ampere turns of wire are 
computed for d. c. motors of 1, 5 and 10 hp. I have a 
faint idea that in a two-path armature winding the current 
carrying capacity of the wire is one-half the total ampere 
rating of the motor and for a four-path winding, one- 
quarter of the total. But how are the ampere turns 
determined? 

New Britain, Conn. H.. R. 


* * * * 


Transformer Connections.—In the case of a three-phase, 
four-wire, 4400-volt distribution circuit with grounded 
neutral, please show the proper transformer connections 
and how the transformer coils are connected. Are the 
three phases 120 electrical degrees apart and should the 
secondary be grounded? 

Ontario, Canada. P, R. 
* * * * 

Winding for Bell Ringing Transformer and Demagnetizing 
Hand Tools.—Here are two questions I would like to have 
answered by readers: 

(1) What changes must be made in the winding of a 
60-cycle bell ringing transformer for use on a 25-cycle 
circuit? The present winding is 1000 turns of No. 20 









May, 1922 


B & S and 100 turns No. 14 wire. 
The rating is 100 watts, 110-volt pri- 
mary, 10-volt secondary. 

(2) In our factory tool grinders 
with magnetic chucks cause consid- 
erable anoyance to mechanics by 
magnetizing their tools, such as cal- 


ipers, and the like. Please explain 

a simple method for demagnetizing 

these tools. 

Brooklyn, N. Y. 

* * * * 

Changing Speed of D. C. and A. C. Mo- 
tors.—Please explain a_ practical 
method of increasing the speed of a. 
c. and d. c. motors about 20 per cent 
without rewinding them. I would like 
to know the principles involved in 
figuring out these changes in each 
case. 
Alton, Fla. 


A. D. 


L. H. H. 

* * * * 

Rewinding Wave-Wound Armatures.— 
We have a wave-wound armature to 
rewind which has 32 slots and 65 
bars with a coil pitch of 1 and 8 and 
a commutator pitch of 1 and 33. 
There is one dead coil making 63 
coilsinall. Please show how to work 
up a diagram of coil connections and 
explain what becomes of the two ex- 
tra bars. 
Detroit, Mich. F.C. A, 

* * * ES 

Connections for Two D. C. Series-Wouni 
Crane Motors.—We have a traveling 
crane operated by two d. c. series 
motors connected in series on 220 
volts. These motors recently burned 
out and were sent outside for rewind- 
ing. The shop rewound them for 
220 volts instead of 110 volts and re- 
fuses to make the job right. We do 
not want to rewind them if they can 
be connected as they are. The con- 
troller layout will permit me to wire 
the motors so that the field coils are 
in series and the armatures in parallel 
without changes. I would like to 
know if there is any reason why this 
connection will not work. 

Would it be better to operate 
the motors in parallel with additional 
resistance inserted in the field coil 
circuits so that they can be connected 
in parallel also? 

Owosso, Mich. a. EP. 





Answers Received 


Varnish for Armature Coils.—Please ad- 
vise what is considered good practice 
in impregnating and baking coils 
wound with cotton-covered enameled 
wire? What varnish is used, how is 
it applied, how long and at what tem- 
perature are the coils baked? 

St. Louis, Mo. H. H. E. 


* * * * 

The best practice is to bake the 
coils for approximately one to two 
hours according to the size of coil 
at 200 degrees Fahr. in a ventilated 
oven to remove moisture. Then dip 
the coils while hot in a black or clear 
baking varnish. Use varnish fairly 
heavy, that is, the less solvent the 
better. Do not let the coils soak 
more than one to five minutes. Then 


bake eight to twelve hours at 200 de- 


grees Fahr. 
Detroit, Mich. 


A. C. Roe. 
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This is a section of this 
paper where you can get 
some inside information 
when you get stuck. The 
only restriction is that 
you do a good turn to 


Questions Asked 
and Answered by Readers 


the other fellow when 
he asks a question that 
you can answer from 
your experience. 


Crotieal GAG 























No-Load Current of a Transformer.— 
How much current does a transformer 
draw when the secondary is open? 
Chicago, IIl. Go EY F. 


* * * * 

The no-load current of a trans- 
former just about balances the core 
losses. A charge is generally made 
by the power company to compensate 
for this transformer loss. 

New Britain, Conn. H. S. RicuH. 

* cd * * 


Bending Copper and Brass Tubing.— 
I would like to know what is consid- 
ered a good method for bending cop- 
per or brass tubing so that it will 
not buckle or open at the seams. 
Milwaukee, Wis. G. E. A. 


* * * 
A good method to use in bending 
copper or brass tubing is to plug 
one end with a cork or wood stopper 
and then fill the tubing with melted 
resin or ceiling wax. The tube can 
then be bent without injury and the 
resin or the wax may be removed by 
heating. When large pieces of tub- 
ing must be handled, fairly good re- 
sults may be obtained by filling the 
tubing with fine sand. 


Honesdale, Pa. 
* * * 


I have found that copper or brass 
tubing can be bent neatly by filling 
it with melted resin or absolutely 
dry sand with resin on each end. 
The sand must be dry or the steam 
resulting when heating the tube will 
burst it. I have also tried ordinary 
black tar as a filler. 

After filling the tube and plugging 
the ends, heat may be applied by 
using a gasoline torch with a long 
blue flame played lengthwise along 
the tubing so that quite an extended 
area of the tube will be soft. This 
will allow the bend to be long and 
easy instead of in one spot. 

If the bend can be made around 
some curved form, like the groove 
in an iron, rope-drive pulley, it can 
be formed easily and neatly. The 
tubing should be held slightly away 


* 


J. M. WALSH. 
* 


from the iron while heat is being 
applied to it or the iron will prevent 
the tube from getting hot. If the 
tubing has a seam in it, keep the 
seam on the inside of the bend. 
New Britain, Conn. H. S. RIcH. 
* * * * 


Changing 25-Cyecle Motor for 60-Cycle 
Operation.—Please explain how to 
reconnect a 25-cycle motor for use 
on a 60-cycle circuit when the num- 
ber of poles remains the same. How 
will the horsepower vary? 
Cleveland, Ohio. 


* 

The horsepower will increase in 
the same proportion as the fre- 
quency, providing that the voltage 
is increased in the same proportion, 
or a corresponding change made in 
the connection, so that the back or 
counter E. M. F. of the motor will 


be the same as the original. 
Adrian, Mich. C. A. JOHNSON. 
* Cd * 


Plugging Holes in Slate.——What is a 
good substance to use to fill holes 
and cracks in slate switchboard pan- 
els? I have tried plaster of paris and 
shellac but when this compound dries 
it shrinks and leaves a space between 
the filling and the slate. 

Boston, Mass. 
* Oo * 


Make a paste of litharge and 
glycerine and fill the hole or cracks 
with this substance, which will air 
dry in one or two hours, depending 
on the space filled. For best results 
make the paste about the same con- 
sistency as workable putty. Litharge 
can be purchased at any drug store 
and comes in red flakes or powder. 

Detroit, Mich. A. C. ROE. 


* * * * 
The best filling I have found for 
a hole in a slate panel is Early’s com- 
mutator cement. When this is mixed 
up rather stiffly it will set in a short 
time without shrinking. While the 
surface is still moist, some slate dust 
should be spread over it and pressed 
in to give the patch the same color 
as the panel. 
New Britain, Conn. 


W. F. G. 


* 8 & 


* 


H. S. K. 


* 


H. S. RicuH. 
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readers. 








For this section ideas and practical methods devised to 
meet particular operating conditions are invited from 


The items may refer to inspection, overhauling, 
testing or special installations. 
































_A Simple Rigging for 
Suspending a Thousand-Pound 
Motor Near the Ceiling 

HE problem of how to suspend 
a heavy motor from two I-beams 
16 ft. apart and 18 ft. overhead was 
worked out very satisfactorily in one 
factory when a new motor was in- 
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Arrangement for lifting 
motor where no holes 
could be bored in eceil- - 
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stalled to take the overload of the 
main shaft, which was parted at a 
nearby coupling. As the motor was 
to retain its base, two other I-beams 
with 8-in. web were drilled for 
mounting on the roof beams, then 
hoisted with tackles and fastened 
into place with eight %4-in. x 2-in. 
bolts, as shown in the drawing. A 
cord was stretched from the edge of 
the driven pulley to the point where 
the motor pulley would have to line 
up. By measuring along the beam, 
the first base-bolt hole was located. 
From this, the hole opposite was laid 
off with a large steel square, and 
being guided by a templet the other 
two holes were readily marked. All 
holes were put through with an elec- 
tric portable drill. Four square- 
head bolts 34 in. x 3 in. were used 





to mount the motor base. The mo- 
tor was located near one end of the 
beams so as to reduce vibration. 

Although the roof boards were 
only 14 in. above the motor, no holes 
could be bored for eye-bolts to hold 
the tackles and therefore blocking 
and a bar had to be used instead. 
Short pieces of 2-in. plank were ac- 
cordingly piled on top of the new 
I-beams directly over where the motor 
housings would come, which points 
were located by using a plumb line. 
On these blocks was laid a solid steel 
bar 114 in. in diameter onto which 
were hooked two one-ton chain tack- 
les. The distance to the floor was 
18 ft. and the hook chains were only 
12 ft. long, so some scheme had 
to be devised for lifting the motor. 
The housings were reversed, and two 
other chains used to lift the motor 
10 ft. A third chain was then slung 
over an I-beam and hooked to one 
housing; then by lowering the off 
tackle, the near tackle was released 
from its extra chain and hooked di- 
rectly to the housing. This was re- 
peated at the other end of the motor; 
then by lifting evenly, the base was 
brought up against the I-beams and 
bolted. All bolts in the base and 
motor feet were made in the shop, 
allowing an extra length of an inch 
for two nuts and a cotter pin on each, 
for absolute security. 

The motor was suspended without 
the pulley, thus allowing a small level 
to be placed on the shaft before bolt- 
ing up tightly. 

The whole job was done by two 
millwrights and two helpers. 

H. S. RIcuH. 


East Berlin, Conn. 





How Pitch Is Applied to Shoe 
Parts by Electrically Operated 
Machine 


N ELECTRICALLY operated 

machine is employed for heating 
and applying the pitch used in mak- 
ing shoes in the Hamilton-Brown 
Shoe Company, St. Louis, Mo. The 
machine is constructed of a No. 10 
gage sheet-iron box or tank 9 in. 
long, 6 in. wide and 8 in. deep, with 
one end set further in than the other 
for protecting the heating elements 
and wiring from the pitch. A slate 
panel is mounted on one end of the 
tank and extends over both sides to 
prevent hot pitch from getting on 
the switch, pilot lamp and service 
box connections, which are installed 
on the side of the panel away from 
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the tank. The tank is supported by 
four short angle-iron legs and is 
placed on a work bench when in use. 
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Passing through one side of the 
tank and supported against the other 
side is a shaft with a driving pulley 
on the outer end and a 6-in. pulley 
with a 1%-in. flat face running 
through the hot pitch from a posi- 
tion of just touching to 3 in. or more 
in depth. The parts to be coated 
with the pitch are brought into con- 
tact with the face of the pulley. It 
revolves at a speed of 50 r.p.m. and 
about 1/10 hp. is required to drive 
it. Directly under and along one 
side of this wheel are installed three 
electric radiators constructed of cast 
brass tubes 114 in. diameter and 5% 
in. long, closed at one end and flanged 
at the other end. A companion flange 
affords the means of fastening them 
into the end of the tank with asbes- 
tos sheet packing to prevent leakage. 
Holes are cut in the tank for the 
reception of the radiators and the 
heating elements which are 150-watt, 
110-volt cartridge units pushed into 
the brass radiators. These heat the 
pitch to 310 deg. F. The tank, when 
properly filled, holds about 3 lb. of 
composition pitch and will coat about 
880 shank pieces per pound with the 
proper amount of material. 

Chief Engineer, ALBERT KOCHS. 


Hamilton-Brown Shoe Co., 
St. Louis, Mo. 


EE 


Increasing Speed and Safety 
When Installing Heavy 
Equipment Overhead 


NSTALLING motors or other 

heavy equipment overhead or tak- 
ing them down for repair or over- 
hauling is something which most 
maintenance men dislike because con- 
siderable extra rigging or blocking 
is usually required to do the job. 
This makes the work slow and even 
with the best of care it is dangerous, 
especially if changing conditions 
make it necessary to use inexperi- 
enced men in the maintenance gang. 
One large company has simplified 
this work and made it not only safer 
but quicker by using an Economy 
portable elevator with an inverted 
platform, as shown in the accom- 
panying illustration. This platform 
can travel to the full height of the 
elevator and holds the motor in place 
while one man bolts it up or loosens 
the bolts to remove it. The inverted 
platform does not come clear to the 
floor as does the standard portable 
elevator platform. This makes it 
necessary to lift or lower the motor 
or other equipment about two feet 
to get it on or off the platform, which 
is a small job compared to the ease 
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Installing overhead work without 
blocking it up. 


With this elevator a motor or other 


heavy equipment can be cranked up 
and held in position by one man in 
less than a minute. Compare this 
with the time required to build up 
the blocking which is ordinarily nec- 
essary. In addition, the danger of 
accidents is greatly reduced. 








with which the remainder of the lift 
is made, since the platform is raised 
or lowered by one man cranking it 
up through gearing. Electric power 
may be applied to the elevator if 
desired. 

Countershafting, ceiling radiators, 
sections of heavy pipe, or any other 
overhead equipment can be elevated 
and held in place as easily as can a 
motor. Plants which have the stand- 
ard platform portable elevator, which 





The passenger car operator receives 
signals for the freight elevator on 
the ninth pointer of his annunciator. 
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is ordinarily used in industrial work, 
instead of the inverted platform, can 
get the full height elevation by build- 
ing up the necessary blocking on the 
platform. The Economy Engineer- 
ing Company, Chicago, IIl., built this 
equipment. 





Signal System Which Enables 
One Attendant to Operate 
Two Elevators on Holidays 


SCHEME which permits one 

man to attend to two elevators 
during periods when traffic is light 
was recently worked out for an eight- 
story building in a neighboring city. 
There are two elevators in this build- 
ing, one for passenger service and 
the other for freight. These are lo- 
cated at opposite ends of the build- 
ing. The scheme consisted in con- 
necting an annunciator pointer in 
the passenger elevator so that it will 
give a signal and thus notify the 
operator when the button for the 
freight elevator is pushed. 

The passenger elevator is equipped 
with a 9-point annunciator. Eight of 
the pointers correspond to the eight 
floors of the building. The ninth 
pointer is the one which is connected 
to operate when the signal button is 
pushed at any floor for the freight 
elevator. The accompanying dia- 
gram shows the method of connec- 
tion. When the annunciator bell is 
rung from any floor at the passenger 
elevator, the pointer for that floor 
swings from a horizontal to a ver- 
tical position and thus signals the 
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operator. The freight elevator is 
equipped with a simple annunciator 
bell only. The operator is signaled 
from any floor by ringing this beil 
a number of times corresponding to 
the number of the floor. On Sun- 
days the traffic on both elevators is 
very light. Employment of two op- 
erators for Sunday service seemed 
unwarranted, provided a simple sys- 
tem could be arranged for transmit- 
ting signals for the freight elevator 
to the passenger car. To solve the 
problem, the building engineer ran a 
wire from the terminal A of the 
freight elevator system to the ninth 
pointer on the passenger car annun- 
ciator. Another wire was run as 
shown from the positive terminal of 
the battery which supplies current 
for the signal system of the passen- 
ger elevator to the switch S and then 
to the positive terminal of the bat- 
tery which supplies current for the 
freight elevator signal. 

When the switch S is closed the 
two annunciators are connected in 
parallel across the batteries of the 
freight elevator signaling system. 
Both signal bells are thus made to 
ring at the same time when any but- 
ton in the freight elevator system is 
pushed. A. J. DIXON. 


St. Louis, Mo. 


EQ 


Pilot Lamp Indicates 
Which Gong in Fire Alarm 
System is Ringing 


N THE plant where the writer is 

connected with the electrical de- 
partment, the Grinnell Dry Valve 
fire-protection system is used. When 
a sprinkler head opens it rings an 
electrically-operated gong in the 
office of the telephone operator, 
which is also the office of the night 
watchmen. 

There are about fifteen of these 
gongs and on several occasions when 
they have rung the person in charge 
was unable to tell which gong was 
ringing, inasmuch as the hammers 
vibrate so fast that they cannot be 
seen from a distance. In order to 
overcome this condition, a miniature 
lamp of the proper voltage was con- 
nected in multiple just below the 
gong. Now when a gong sounds, the 
corresponding lamp lights up and the 
person in charge can tell the fire 
chief at once the number of the 


gong. N. S. DAVIs. 
Batavia, N. Y. 
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Flexible Cables Used 


for Crane Power Feeders 


HEN installing a manipulator 
crane beneath and at right 
angles to an overhead traveling crane 
in the forge shop, the Erie (Pa.) 
Forge & Steel Company found that 
the ordinary trolley system would in- 
terfere with the traveling crane op- 
eration. It was also impracticable to 
attach the trolley wires to the frame 
of the crane. The problem was 
finally solved by feeding the motors 
directly by a flexible cable. Ordi- 
narily this cable would be difficult to 
handle because the crane moves back 
and forth very rapidly, but suitable 
ice all 
27>} * 


Truch 
Wheels 








Floor 


Scheme for supporting trolley wires 
of crane when ordinary method 
could not be used. 





cable supports which eliminate this 
objection have been made. These 
cable supports consist of double- 
wheeled carriages which hold the ca- 
ble and which are free to move on 
wheels along an I-beam held on the 
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Construction details of special sup- 
port for flexible cable feeding crane 
motors. 





As the crane moves away from the 
side of the shop, the cable supports 
automatically distribute themselves 
along the steel runways. The cable 
is made long enough so that it will 
be horizontal when the crane truck 
is at the far end of the frame. 


——_>———————_ 


Switching System for Carrying 
Lighting Load from Alternating 
or Direct Current Service 


A IQUE switching system was 
recently installed in an Eastern 
mill in order that the lighting load 
could be taken care of from two dif- 
ferent sources of supply, one alter- 
nating and the other direct current. 

The load, approximately 20 kw., 
was made up of lamps, a storage bat- 
tery and a small direct-current mo- 
tor. The direct-current service was 
two-wire, 110 volts and was orig- 
inally supplied by an engine-driven, 
direct-current generator. When 110- 
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was brought into the mill, trans- 
formers were installed to take care 
of the out-of-hours lighting load. 
The original lighting circuits were 
divided into two sections carrying 
approximately equal loads and from 
the diagram it will be noted that 
each transformer is arranged to take 
one-half of the total load. In order 
to prevent alternating current dam- 
aging the storage battery and direct- 
current motor, a magnet-operated 
switch was installed so as to be con- 
trolled from the direct-current gen- 
erator switch.in a similar manner 
to the alternating-current switch, 
which is also magnetically operated. 
The operation of the system is ex- 
tremely simple. When the direct- 
current generator is operating, the 
alternating-current magnet switch is 
open and the direct-current magnet 
switch is closed. When it is desired 
to change to alternating-current 
service, the direct-current knife 
switch is opened; this opens the con- 
trol circuit of the direct-current 
magnet switch and closes the control 
circuit of the alternating-current 
magnet switch. There is but one 
point of control, which is at the 
direct-current generator, and inas- 
much as the operator must go to this 
point to stop or start the direct- 
current generator, no extra steps are 
necessary. Further, it is impossible 
to put the two systems together. A 
pilot light was installed as a guide 
for the operator, to indicate that the 
alternating-current switch has oper- 
ated before the direct-current switch 
is closed on the feeder circuits. A 
considerable amount of copper wire 
was also saved, since the two sources 
oi power were aconsiderable distance 
apart. WALTER L. HAMILTON. 


Electrical Engineer, 
Holyoke, Mass, 
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A Sloppy Wiring Job 
Is an Eye Sore 


ANY times a new line of cleat 
wiring somehow or other does 
not look as neat as it might simply 
because some of the cleats are placed 
close together at a variety of angles. 
When they are placed parallel to 
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each other the appearance of the job 
is much improved and the conduct- 
ors are just as securely supported. 
The illustrations show this very 
clearly. H. S. RICH. 


New Britain, Conn. 
——_——_—_—_.>____—_——_ 


Heating of Circuit Breakers 
and Cables by Induction 
Easily Prevented 


CASE of overheated circuit 

breakers and cables recently 
came to the writer’s attention. It 
was thought at first that poor con- 
tact in the circuit breakers caused 
the heating, but careful study showed 
that the transformer action of the 
iron parts of a supporting platform 
was responsible for the trouble. In 
the plant in which the trouble oc- 
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curred there were two generators lo- 
cated on the generator floor. Circuit 
breakers controlling the current 
from the generators were mounted 
upon the wall of the same floor; they 
were rated at 2,000 amp. and were 
of the four-pole type. From these 
circuit breakers four 1,000,000 circ. 
mil cables passed through the floor of 
the platform to the buses above, as 
shown in the accompanying drawing. 
This made eight cables leading up 
from each circuit breaker. Genera- 
tor No. 1 had been installed for some 
time and had given no trouble. In- 
creasing load made it necessary to 
install a second unit, No. 2. When 
this unit was installed the cables 
were brought up from the circuit 
breaker, as shown in the sketch. 
Five of the cables passed on the right 
hand side of an I-beam imbedded in 
the concrete slab forming the plat- 
form, and three of them passed on 
the other side of the I-beam as 
shown. After the generator was in 
operation it was found that the ca- 
bles and the circuit breaker heated 
excessively. At first it was thought 
that the trouble was with the con- 
tacts of the circuit breaker, as no 
difficulty had been experienced with 
the installation for No. 1 generator. 

The question of inductive action 
was raised and to study the possibili- 
ties of such action, plans of the floor 
and switchboard platform were se- 
cured. By consulting these plans it 
was seen that closed magnetic cir- 
cuits were formed by the iron used 
in the concrete platform. The 6-in. 
I-beam and the %-in. steel rods 
formed a continuous passage for 
magnetic flux. 

The remedy was to break these 
magnetic circuits. This was done by 
chiseling through the concrete and 
cutting the 34-in. steel rods in the 
center of each panel as shown. Fur- 
thermore, the end of one of the I- 
beams was insulated from the front 
I-beam of the platform. This was 
done by placing a wood block be- 
tween the end of the I-beam which 
extended across the platform and the 
I-beam which formed the front edge 
of the platform. The iron bolts were 
removed and brass bolts were substi- 
tuted at this point. This broke the 
magnetic circuit and entirely elimi- 
nated the heating. 

A similar case of heating caused 
by inductive effects was described in 
ELECTRICAL REVIEW AND INDUSTRIAL 
ENGINEER for March, 1921, on page 
142. W. E. SEWARD. 


Brooklyn, N. Y. 
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Graphic Solution of Lighting 
Problems 


N THE solution of lighting prob- 

lems, especially for industrial 
plants, it is often necessary to esti- 
mate approximately the intensity of 
the light that will fall at a given 
point from a given lamp. For ex- 
ample, assume that a proposed light- 
ing system has been determined by 
the “lumen” method, taking into ac- 
count the various items such as lu- 
mens output of the units, utilization 
factor and the like—the system be- 
ing designed for the desired average 
intensity of light upon the working 
plane. Investigation into the relation 
of lamp and machine location may 
show that certain operators may be 
in such a position that machine 
parts, possibly moving, will cut off 
the light from one or more of the 
general lighting units. This condi- 
tion may make it decidedly impor- 
tant to be able to predict the intens- 
ity (contract) of the shadow cast. 

The curves herewith, modifications 
of some published in the Electrical 
World several months ago, are help- 
ful in making such predictions. 





Reduction factors for solution of il- 
luminating problems, and distribu- 
tion curves for R L M and deep- 
bowl reflectors with hypothetical 
1,000-lumen lamps. 

The square of the distance between 
the lamp and plane of illumination, 
the angle of the beam and the cor- 
responding reduction factor are all 
determined directly from this one 
chart. The’ typical distribution 
curves apply to lamps of various 
sizes; the proper method of reduc- 
tion is described above. 
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In these curves the horizontal and 
vertical distances are measured from 
a point directly under the lamps. The 
intersection of the horizontal and 
vertical distance lines relating to a 
given point will, when referred to 
the oblique lines, show the square otf 
the distance of the point from the 
lamp, and when referred to the diag- 
onal (degree) lines show the angle 
between the vertical and the beam 
of light from the lamp to the point 
in question. Further, the reduction 
factor at the end of the degree lines 
is the amount by which the “square 
of the distance” should be multiplied 
in order to obtain the lighting on the 
horizontal plane. If vertical plane 
lighting intensity is desired use the 
reduction factor for the angle equal 
to 90 deg. minus the angle obtained 
as above. Thus, for horizontal plane 
lighting for 30 deg. we get 1.15; for 
the same beam of light the factor for 
the vertical plane would be the factor 
for 90 minus 30, or 60 deg., which 
is 2, as shown by the diagram. 

If hypothetical, 1,000-lumen lamp, 
candle-power curves are used, they 
may be easily adapted to any size of 
lamp. Example: t'ind the foot candle 
intensity of light on horizontal plane 
6 ft. below lamp at a point 8 ft. from 
directly under the lamp. Assume the 
lamp to be a 3,100 lumen lamp with 
reflector as per Curve “B” (clear). 
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RATINGS IN WATTS AND LUMENS OF 
CLEAR MAZDA LAMPS 





























Watts Lumens 
50 480 
75 865 

100 1,260 
150 2,040 
200 3,100 
300 4,840 
500 8,750 
750 13,900 
1,000 19,300 
50 White 450 








The 6-ft. vertical and 8-ft. hori- 
zontal lines intersect on the 100 
(square of the distance) line be- 
tween the 50 and the 55 deg. lines, 
the factor at this point being ap- 
proximately 1.63. From Curve “B” 
the lamp gives (155<3,100~—1,000) 
candle power along the 53 deg. line. 
Thus the intensity of light required 
in the example is as follows: (100 
<3,100-—1,000) ~—(1,0001.63) = 3 
ft.-candles, approximately. For light- 
ing on the vertical plane at this 
point, (155<3,100—1,000)—(100« 
1.24)—3.87 ft.-candles. Now if this 
area happened to be midway between 
two lamps, with a small-area shadow 
because the light from one lamp is 
cut off by an opaque object, the 
shadow contrast may be in the ratio 
of 3 to 6 on the horizontal plane and 
of 3.87 to 7.74 ft.-candles on the ver- 
tical. This method is not adapted for 
use with a focusing type of reflector. 
Electrical Engineer, "Oe W. KINNEY. 


Worcester, Mass. 
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Supporting Frame for Mounting 
Compensators on Ceilings 


N ORDER to save working space 

and wiring expense in the plant 
of the Dayton Engineering Labora- 
tories Company, compensators are 
mounted on the ceiling by means of 
cast-iron supports. With the com- 
pensators so mounted, the motors 
are started by chains hanging down 
within easy reach of the operator. 
In this factory two different sizes of 
mounting supports have been found 
necessary; the one used for compen- 
sators up to 25 hp., rated at 220 or 
440 volts, is shown in the accom- 
panying photograph and drawing. A 
somewhat similar mounting, but con- 
siderably stronger, is used for mo- 
tors of 30 hp. to 100 hp. 

The compensator, as may be seen 
from the photograph, is bolted to the 
support. Three chains hang from 
the compensator, two of which are 
suspended from a brass arm mounted 
on the lever on which the starting 
handle of the compensator is usually 
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3" 
CAST BRASS LEVER 


Cast-iron ceiling support and start- 
ing lever used for mounting low- 
voltage compensators up to 25 hp. 











Compensators conveniently mount- 
ed on ceiling are easily operated 
by manipulating these three chains. 
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attached. The construction of this 
arm is shown in the accompanying 
drawing. By pulling these chains the 
motor is started. The third chain is 
connected to the lever for tripping the 
compensator. One of the reasons ad- 
vanced for the use of automatic com- 
pensators is that manufacturing floor 
space is saved by mounting them 
overhead or at a distance. The same 
saving of space, however, is accom- 
plished with these supports. This 
method of mounting shortens the 
conduit to the run extending from 
the ceiling to the motor. It also fa- 
cilitates inspection from a distance, 
as the inspector can see at once by 
the position of the starting lever 
whether the compensator is in the 
running, starting or off position. It 
has been found that this mounting 
does not materially increase the time 
required for periodical examination. 


Chief Electrician, H. L. BURNS. 


Dayton Engineering Laboratories Co., 
Dayton, Ohio. 





Nine Safety Rules for Operating 
Arc-Welding Sets 


ULES for the safe use of arc- 

welding sets which have been 
adopted by one Pacific Coast indus- 
trial concern have shown their use- 
fulness through the reduction in ac- 
cidents since their enforcement. 


1. Goggles —When more than one 
person is working in a booth, each must 
wear amber or blue goggles to protect 
his eyes from accidental flashes from 
adjacent arcs when his hood is off. 

2. Hood.—Always wear a hood or use 
a shield with amber or blue-glass win- 
dow for protection of the eyes and face 
against harmful ultra-violet and infra- 
red rays from the arc. 

3. Clothing.—For protection against 
burns from incandescent particles ex- 
pelled from the arc, closely woven 
clothing, gauntlets and leather shoes 
having bellows tongues should be worn. 

4, Cable—Always have cable above 
the ground so that it will not be stepped 
on. On scaffold or platform work run 
the cable under the platform so that it 
will not be tripped over. Keep all 
cables as far as possible from the arc. 

5. Ground.—Be sure the material to 
be welded is properly grounded before 
starting to weld. 

6. Scaffold Work.—When working on 
a scaffold be sure that hot electrode 
stubs or drops of hot metal will not fall 
on persons below the scaffold. 

7. Footing.—Be sure you have a sub- 
stantial footing before starting the weld. 

8. Ventilation—There must always 
be sufficient ventilation in the booth to 
keep it clear of fumes. 

9. Welding Booths.—Welding must be 
done in a booth inclosed on three sides 


to prevent injury to persons working in 


the vicinity. 
San Jose, Cal. 


D. N. LOUIS. 
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Selecting the Proper Grade of 

Carbon Brush 
N CHOOSING carbon brushes the 
important points to consider are 
the contact resistance, the hardness 
or softness of the material, the spe- 
cific resistance of the brush proper, 
the abrasiveness or ability to wear 
down mica and the lubricating qual- 
ity. By proper selection of the ma- 
terials used, brushes may be made 
to possess any of the above qualities 
in the desired degree. For example, 
abrasiveness may be increased by 
adding certain gritty or abrasive 
materials. Graphite increases the 
lubricating qualities and the contact 
resistance. 

Frequently, in order to obtain the 
best results, it is necessary to use 
more than one kind of brush on the 
same machine. For instance, if gritty 
brushes are used to keep the mica 
down, it is often advisable to use one 
or two soft graphite brushes per 
stud to lubricate the surface. These 
should be staggered across the com- 
mutator. In a machine having high 
armature reactance the voltage of a 
coil when short-circuited produces a 
heavy short-circuit current from bar 
to bar under the brushes and high- 
contact-resistance brushes are often 
helpful in such cases. When graphite 
brushes are used for this purpose 
there should be one gritty brush per 
stud in order to keep mica down, 
since graphite brushes are soft and 
will not wear the mica. The gritty 
brushes should be thinner than the 
graphite. A few graphite brushes of 
soft grade used with other brushes 
may be helpful in certain cases, as 
the thin film or layer of graphite 
which is picked up and stays on the 
face of the carbon brushes increases 
their contact resistance without re- 
ducing their carrying capacity. 

Commutator and brush trouble can 
frequently be eliminated or greatly 
reduced by a change in the grade of 
brush used. Thus, glowing and pit- 
ting indicates too heavy short-circuit 
current, and a brush of higher con- 
tact resistance will usually help to 
reduce this. Such trouble may also 
be caused by brushes being too wide 
and consequently covering too many 
bars. Picking up copper also may 


indicate too heavy short-circuit cur- 
rent, which can be remedied by using 
a brush of higher contact resistance. 
Too high current density in brushes 
and poor centering of the armature 
in the field also cause picking up of 
copper. 


Graying of the commutator 
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face is usually due to poor contact 
resulting in burning of the bars. 
Poor contact in turn may be due to 
brushes sticking in the holders if the 
holders are of the loose box type. If 
the brushes are unable to wear down 
the mica, the commutator may first 
show very small pin sparks traveling 
around on it. Then the bars will 
become gray and high mica will de- 
velop rapidly. The remedy is to put 
on gritty or abrasive brushes with 
one graphite brush per stud. In ad- 
dition the commutator should be 
stoned, or, if bad, turned off. Ordi- 
narily, undercutting will not be 
necessary. 

If the voltage between the bar and 
the brush is widely different at the 
toe and heel, as measured with a low- 
reading voltmeter, it will probably be 
advisable to use a thinner brush. If 
this test shows a reversal of voltage 
under the brush, a thinner brush is 
necessary. The voltage under the 
brush can also be equalized by stif- 
fening the field or improving the 
fringing from the pole shoes. This 
gives a wider neutral which may re- 
lieve the necessity of changing the 
brush. Stiffening the field can be 
accomplished by shaping the pole 
shoes, but should not be attempted 





A neat job requiring few insulators 
is accomplished by taping the cables 
are the ceiling to steel supporting 
wires. 
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without a full knowledge of the re- 
sults that may follow. Commutator 
heating often compels the use of 
thick brushes. On interpole machines 
a change in the thickness of brushes 
is seldom necessary. 





Steel Messenger Wire Supports 
Cables in Factory Substation 
O INSURE alignment with min- 
imum sag and few supporting 
insulators, cables in the substation 
serving the American Bosch Mag- 
neto Corp., Springfield, Mass., are 
hung by tape loops from 4-in. steel 
messenger wires attached to strain 
insulators at either end of the sub- 
station interior, as shown below. 
Two 250-kva. 5,500-to 440 -volt 
single-phase transformers serve the 
plant. Two-phase local distribution is 
made from the substation by 400,000 
circ. mil cables shown in the photo- 
graph rising from the secondary out- 
let bushings and making right-angled 
turns to the left from the right-hand 
transformer. The entire overhead 
wiring passing across the substation 
in 440-volt cable form is suspended 
in this way. The absence of sag not 
only improves the appearance of the 
installation but enables the Bosch 
company to be served by the shortest 
length of copper consistent with a 
symmetrical layout. 


Boston, Mass. 


H. K. 
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In the Repair Shop 


This section is devoted to all sorts of electrical repair work, large and small. 
Special attention is given to tools found convenient at the shop bench and short 
cuts or improved methods. Articles on these subjects are always welcome. 


























Reconnecting 110-Volt 


Compensator for Emergency 
Use with 220-Volt Motor 


GENERAL ELECTRIC $start- 

ing compensator used in connec- 
tion with a 220-volt induction motor 
was damaged recently and before the 
necessary repairs could be made the 
motor had to be put back into serv- 
ice. A 110-volt, 25-hp. compensator 
was available and the writer found 
that by opening the neutral connec- 
tion from the three compensator 
coils and reconnecting the taps so 
that the whole winding was in cir- 
cuit the motor could be started as 
easily as though it were controlled 
by its regular compensator. Dis- 
connecting the neutral connection 





Front finger 
bloch “a 






aisconnected 


The neutral connection was opened 
and the taps reconnected to put 
whole winding in circuit for han- 
dling an emergency job. 





leaves a winding in each phase act- 
ing as a current limiting reactance. 


H. H. LOCKYEAR. 
Bonnington Falls, B. C. 





Fillers Which May be Used 


for Plugging Commutators 


HORT circuits which burn them- 

selves clear at the surface of a 
commutator often burn a hole in the 
mica and the bars. When the mica 
is not burned too deeply it is often 
possible to clean out the holes with 
a thin knife blade and plug them 
with a suitable filler. When a good 
job is done and the commutator kept 
free from oil the plugged sections 
will wear for a year or longer. It is 
always advisable to save the wearing 
surface of the commutator in this 
way whenever possible, for every 
time a commutator is turned down 
in a lathe about three years of its 
useful life is lost. 

Fillers which have been success- 
fully used for plugging commutators 
can be made up as follows: Two 
parts of plaster of paris, one part of 
powdered mica and enough glue or 
shellac to make a thick paste. When 
this filler is applied it will dry quick- 
ly and assume about the same degree 
of hardness as the mica segments. 
Another filler can be made up of 
powdered chalk or plaster of paris 
and shellac, and still another of wa- 
ter glass and powdered glass. The 
choice between these fillers largely 
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depends upon the availability of the 
materials, since one works about as 
well as another. These fillers should 
only be used for small holes. When 
the segment is deeply burned the 
only successful remedy is to remove 
the bad segment and insert a new 


one. HENRY HAZLETON. 
St. Louis, Mo. 





; A Special Pot 
for Soldering Induction-Motor 
Rotors 


HE soldering of induction-motor 

rotors requires special attention 
which is sometimes neglected by re- 
pairmen. Poor soldering leaves very 
high-resistance connections which 
become excessively hot when the mo- 
tor is carrying its load. Also if the 
soldering is not properly done, there 
is a likelihood that the rotor will be 
out of balance and thus set up ex- 
cessive vibrations. 

The soldering pot shown in the 
drawing overcomes these difficulties. 
After the solder is heated to the cor- 
rect temperature the ends of the ro- 
tor bars are dipped into the molten 
metal, the rotor being hung over the 
pot with chain blocks. Care must be 
taken to have the end rings and bars 
well cleaned before attempting to 
solder. For cleaning them, a wire 
brush is very handy. A good solder- 
ing flux to use is rosin dissolved to 
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All of the bars are soldered at once 
by dipping the rotor into this pot. 
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a paste in alcohol. Care must also 
be taken to see that the surface of 
the solder is skimmed clean of all 
dross and dirt just before the rotor 
bars are dipped. With this arrange- 
ment it is possible for one man to 
solder four 25-hp. to 50-hp motors in 


an hour. R. H. N. LOCKYER. 
Bonnington Falls, B. C., Canada, 





A Simple Device for 
Spreading Armature Coils 


LL coils used for rewinding the 

armatures of motors used in the 
plant of the Gary Screw and Bolt 
Co., Gary, Ind., are made and formed 
in the electrical department. After 
the coils are wound and taped they 
are spread to form in a spreading 
device which was made in the repair 
shop. As shown in the illustrations, 
this spreader consists essentially of 
a base, which is fastened to the work 
bench, and a slider which is some- 
what shorter, but of the same width 
as the base and can be moved back- 
ward and forward on it. Guides 
fastened to the sides of the base keep 
the slider in place and both it and 
the base are provided with two cleats 
each, for holding the upper and lower 
legs of the coils. 

The base may be made of a piece 
of hard wood about 2 ft. long, 8 to 
10 in. wide and 1 in. thick, for ordi- 
nary-size coils, and is firmly screwed 
or nailed to the bench. The guides are 
made by nailing to the opposite sides 
of the base two pieces of wood ap- 
proximately 1 ft. long and about 1/3 
wider than the combined thickness 
of the base and slider. Two strips 
of wood are then nailed to the inner 
surface of these side pieces and serve 
to hold the slider down. The slider 
or movable unit consists of a 1-in. 
board about 18 ins. long working be- 
tween the guides and carrying at one 
end a 3/16-in. steel plate to which 
are attached two wooden cross cleats. 
Two similar cleats are fastened to 
the forward end of the base. 

For convenience in description 
these cleats, starting with the one on 





Four steps in spreading an arma- 
ture coil. 


A—The lower leg of the coil is 
placed between the cleats on the base 
and held by a tapered wedge. 
B—wWith the slider pulled forward, 
the upper leg of the coil is also 
fastened between the cleats by means 
of a tapered wedge. 

C—While the end clamp is held up- 
right the slider is pushed forward 
and forms the coil. . 
D—After knocking out the wedges 
the formed coil is removed from the 
spreader. 
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the base next to the operator in the 
illustration, may be numbered 1, 2, 
3 and 4. Cleat 1 is mounted near the 
end of the baseboard with the edge 
at a slight angle (2 or 3 deg.) to the 
vertical from the edge of the base- 
board. Cleat 2 is mounted with its 
edge at right angles to the baseboard 
and about 1 in. from cleat 1. This 
leaves a tapered space about 1 in. 
wide between cleats 1 and 2. Cleat 
3 is mounted at right angles to the 
edge of the baseboard, and cleat 4 
is mounted at a slight angle and 
about 1 in. from cleat 3. The taper 
on cleats 1 and 4 is made so that 
the wide ends of the two openings 
between the pairs of cleats are to 
the right side as the operator faces 
the spreader. The ends of cleats 2 
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and 3 should be rounded off at the 
points where the coil sides come in 
contact with them in order to pre- 
vent damaging the coil during the 
spreading operation. Where coils 
with different lengths of straight slot 
section are required to be spread in 
this device a set of Nos. 2 and 3 
cleats is required for each length, 
the length of straight section being 
fixed by the length of these cleats. 
Two tapered wedges are required of 
such a thickness and taper as will 
hold the coil firmly between the cleats 
for the full length of its contact 
along the edges of cleats 2 and 3. 
To spread a coil its lower leg is 
centered between cleats 1 and 2 and 
one of the tapered wedges is driven 
between cleat 1 and the coil. Then 
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the slider is brought forward with 
cleat 3 drawn through the coil and 
the upper leg is pushed down be- 
tween cleats 3 and 4. The second 
wedge is driven between the upper 
leg of the coil and cleat 4 and the 
slider of the device is pushed back 
until the proper coil spread has been 
made. A stop. should be nailed to 
the bench so that each coil is spread 
to the same width as the first one. 
When the spread is complete the 
wedges may be knocked out and the 
coil lifted free, complete and ready 
for dipping in varnish or shellac. In 
order to secure a uniform set of coil 
ends a pair of end clamps may be 
made similar to those shown in the 
illustration. These end clamps con- 
sist of two pieces of %-in. iron 
with a rounded ear or extension at 
one end, bolted to a piece of wood 
about % in. thick. A %-in. pin 
passes through a hole in the two 
ears. These clamps are slipped into 
place and the pin inserted before 
spreading, to give a uniform bend. 


Gary Screw & Bolt Co., A. L. GEAR. 
Gary, Ind. ee bkas 





Simple and Handy Tools 

for Repairing Armatures 

INDING it difficult to purchase 

just the kind of tools they de- 
sire, armature repairmen frequently 
have to make their own. Several of 
those that have been developed by 
the writer are illustrated here. 

The driving-out tool, marked A, is 
used for driving coil leads out of the 
commutator bars to which they are 
soldered, either when stripping the 
armature or when removing the 
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These simple tools are easily made 
and can be adapted to the armature 
repair work necessary in any shop. 





commutator. It is constructed of 
either hexagon or octagon tool steel 
and the blade is forged to the proper 
thickness. The edges of the blade 
are ground off on an emery wheel 
to the desired shape. A complete set 
of these chisels should consist of 
four, of the following dimensions: 
One with a 44-in. shank and a 1/32- 
in. blade; one with a 4-in. shank 
and a 1/16-in. blade; one with a %- 
in. shank and a 3/32-in. blade; and 
one with a 3-in. shank and a %-in. 
blade. This tool is only adaptable 
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for use on commutators having solid 
risers, as those having flexible risers 
will not stand such rough treatment. 
Coil ends have to be removed from 
the flexible or more delicate risers 
by melting the solder. 

The letters B and C in the dia- 
gram designate the pull type and 
push type of cell cutters, respectively. 
The pull-type cell cutter has a hook 
effect, with a cutting edge on the in- 
side of the hook. This type is made 
of forged steel 1% in. thick and 1% in. 
wide. To allow free movement of 
the handle, the shank is raised about 
2 in. higher than the blade. 

An old screwdriver forms the ba- 
sis of the push-type cell cutter. It 
is first ground down to the proper 
shape, after which the beveled knife 
edges are filed out with a three-cor- 
nered file. The shank is then bent to 
about a 155-deg. angle at a point 
1 in. from the end. 

When testing a newly wound open- 
slot machine, either armature or sta- 
tor, if one of the coils is grounded in 
the slot it is necessary to raise the 
grounded coil without damaging it 
in order to insulate the exposed 
parts. For this purpose the coil 
raiser or stripping piece D has been 
designed to take the place of a 
screwdriver. This tool is constructed 
of either 14-in. or 34-in. hexagon or 
octagon steel. The service end is 
ground to the desired shape and the 
edges are ground off smooth. 

For all kinds of close shaping work 
the fiber horns shown in EF have been 
found to be valuable. They are use- 
ful for shaping the coil ends of arm- 
atures and stators. The corners of 
the horn should be well rounded off 
to prevent damaging either the coils 
or the worker’s hands. 





An Inexpensive Trimmer 
for Cutting Insulation 
in Strips 

HE trimming or cutting of fish 

paper, pressboard, mica or flex- 
ible micanite is one of the jobs 
always on hand where motors are 
made or repaired. To do this with 
reasonable accuracy where the only 
tools are a straight-edge and a knife 
or a pair of shears, is a tedious task 
as anyone will agree who has had to 
mark out and cut up slot insulation 
with such tools. And yet the work 





A photograph trimmer provided 
with a gage will cut strip insulation 
easily and accurately. 
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may be done very easily even though 
the shop cannot provide one of the 
large, standard insulation shears, for 
practically any establishment can 
afford to make up the trimmer 
herein described. 

The basis of this trimmer is an 
ordinary wood-base photograph trim- 
ming board of a size suitable to the 
work to be handled. A board should 
be selected of the type having the 
blade-wear taken up by spring pres- 
sure as shown in the sketch. The 
wooden scale which is ordinarily 
part of the trimmer as purchased 
should be removed and an old steel 
scale fastened in its place, or one 
leg of a cheap metal square may be 
used. With these changes the trim- 
mer is ready for work and it will 
cut cleanly and neatly all of the ma- 
terials above mentioned. 

Where many strips of uniform 
width are required, the use of a gage 
is advantageous. With the help of 
the machine shop the stop gage 
shown in the drawing can be easily 
produced. This gage has the special 
advantage that it can be used for 
very narrow strips as it is automat- 
ically depressed out of the way of 
the blade when the latter cuts, re- 
appearing in proper position when 
the blade is lifted. 

The various parts are all made of 
wrought iron or cold-rolled steel, and 
the dimensions given are for a gage 
used on an 8-in. trimmer. This gage 
might also be used on a larger trim- 
mer without much change. The stop 
D is set to give the proper width of 
cut by means of the two set screws 
in the pillow blocks, A and A, which 
support the gage rod, C. Thespring 
E returns the stop arm to its proper 
position after the blade is lifted if 
the work is so narrow as to cause 
the blade to strike the gage. 

J. M. WALSH. 


Gurney Elevator Company, 
Honesdale, Pa. 






























Transformer for Testing 


Field Coils of Motors 


OR use in the repair shop of the 

Augusta-Aiken Railway & Elec- 
tric Corporation, Augusta, Ga., the 
special transformer shown in Fig. 1 
has been devised by the writer to 
test the field coils of motors. This 
device consists essentially of a rec- 
tangular core of laminated iron with 
one side removed, as shown in Fig. 
1. On one end of this rectangular 
iron core a coil of 100 turns of No. 6 
wire is placed and connected to a 
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Fig. 1—The method of mounting the 
special testing transformer for de- 
termining defects in field coils. 





110-volt circuit with an ammeter in 
series. When a field coil is inserted 
over the other end of the iron core— 
that is, the one shown at the right 
in Fig. 1—and the top side lowered 
into contact with the ends of the 
laminated core, the device is essen- 
tially a transformer with the perma- 
nent coil the primary and the field 
coil the secondary. When the field 
coil is free from grounds or short 
circuits it will act as an open sec- 
ondary on a transformer, and no cur- 
rent except the exciting current, 
which is small, will be indicated on 
the ammeter. If there is a ground 
or short circuit in the field coil, it 
will act as a short-circuited secon- 
dary of the transformer and a cur- 





Fig. 2—Details and dimensions of 
the special field-coil-testing trans- 
former described in this item. 


rent will flow in the primary or sta- 
tionary coil of the device which will 
be indicated on the ammeter. 

When applying the upper or mov- 
able side of the iron core it is es- 
sential that it be placed in immediate 
contact with the ends of the iron 
core, and dowel pins are provided 
for this purpose. In case there is 
an air gap between the side of the 
iron core and the ends, caused by 
not being placed: in immediate con- 
tact, the reduced reactance of the 
primary coil will be sufficient to al- 
low a considerable current to flow 
and thus give a reading on the am- 
meter which might be taken to indi- 
cate that the field coil being tested 
is short-circuited. 

Details of construction of this spe- 
cial transformer and dimensions of 
the various parts are shown in Fig. 2. 
at the bottom of the page. The dia- 
gram for setting up the equipment is 
shown in Fig. 1 at the top of the 
column. 
Augusta, Ga. 





A. E. KIRKLY. 
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A Simple Cell Bender 


for Forming Slot Insulation 


N ORDER to bend insulating cells 
for the partially-closed slots of 
motors, the attachment shown in the 
accompanying illustration was made 
in the shop with which the writer is 
connected. It was attached to a 40-in. 
strawboard-cutting machine of the 
kind used in many repair shops. 
This fixture folds the cells and puts 
on a lip 1/32 in. wide, as shown in 
the drawing. The bender is made of 
%-in. by 1%-in. cold-rolled steel. 
Two vertical bars hold a long bend- 
ing bar to the cutting arm. The pho- 
tograph shows the vertical bars at- 
tached to the cutter with two thumb 
screws. The knife holder has to be 
faced to receive the two vertical 
bars. The holes are drilled to receiv? 
the line-up studs. 

It will be noticed that one vertical 
bar is longer than the other, in order 
to give a long bending surface to 
press against the cell. The edge that 
goes against the stationary cutter is 
rounded off with %-in. radius to pre- 
vent the insulation being cut. One 
bend is made at a time and then the 
strip of insulation is moved over to 
the position for the next bend. 

This bender is not hard to make 
and is easily attached and operated. 

A. C. ROE. 
Detroit, Mich. 


—_ 


Escape of Oil from the Bearings 
During Operation Prevented 


by Simple Methods 


NE of the troubles most fre- 

quently encountered is “oil 
slinging.” This wastes oil and is 
annoying as well and may be rem- 
edied by allowing the oil which is 
under pressure in the film to squirt 
out sidewise along the shaft by pro- 
viding a very small extra clearance 
or cutting a very shallow groove in 
the bearing. A _ pressure relief 
groove, Fig. A, around the box near 
the end with a drain hole at the bot- 
tom will catch oil squirted in this 
way and drop it back into the well. 
Usually there is such a groove only 
at the outer end of the box, but at 
times it will be advisable to put such 
a groove at the inner end also. Oil 
may be thrown by a high speed ring 
up against the oil lid and seep out 
around it. The remedy for this is a 
sheet metal cover under the lid to 
catch and stop the spattered oil, or 
else the use of heavier oil that will 
not throw so readily. It is well to 
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This device for bending slot-insu- 
lating cells to shape can be attached 
to a cutting machine. 





see that the oil rings fit fairly snugly 
in the ring slot, otherwise oil may 
be thrown out at one side. 

The oil sling groove on the shaft 
sometimes throws oil. A change in 
the shape of this groove may help. 
For example, a single deep groove 
such as is shown in Fig. B often 
serves better than two shallow 
grooves. 

If oil splashes or foams too much it 
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Simple remcdies for oil troubles” 


Fig. A shows a small pressure relief 

groove which allows the oil to drop 

back into the well. A Single deep 

groove, as in Fig. B, can.sometimes 

be used to advantage in place of two 

shallow grooves. Fig. C shows how 
a quieter stops oil splashing. 


gets gummy. One way to keep a bear- 
ing from foaming is to add heavy oil 
in the proportion of about 1/3 of 
the amount of light oil ordinarily 
used. Bearings for gear-drive ma- 
chines should fit fairly tight in the 
housings so that vibration will not 
rattle them loose. In vertical bear- 
ings, Fig. C, the oil sometimes 
whirls around so fast as to rise up 
the sides and come out at the cover 
joint; to stop this, a “quieter” which 
looks like a large washer with pad- 
dles sticking out on one side, is put 
in the top part of the housing. 

It is well to bear in mind that: (1) 
covers on vertical bearings should 
not fit air tight; (2) bearing troubles 
are usually accompanied by heating; 
(3) a bearing temperature anywhere 
up to 75 or 80 deg. Centigrade is 
safe; (4) brass or bronze boxes take 
a longer time to wear to perfect con- 
dition than when babbitt is used. 

A hot box may be due to one or 
more of the following conditions: 
(1) rough bearing surface, no oil 
film; (2) poorly fitted boxes or hous- 
ings; (3) insufficient clearance; (4) 
too much clearance; (5) bent shaft; 
(6) poor or dirty oil; (7) no oil or 
not enough oil; (8) excessive belt 
pull; (9) end thrust by improper 
leveling; (10) end thrust by mag- 
netic pull, improper centering; (11) 
oil does not circulate; it may be too 
thick or frozen; (12) oil rings bent 
or stuck and, (13) improper oil- 
distributing grooves. 
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Better ways to transport and handle raw 
and finished parts in and around the 
works will be discussed in this section. 








How a Loader and a Portable Conveyor 


Save Half the Cost of Handling Sand 


INCE installing a loader and a 

belt conveyor the Crume Brick 
Company, Dayton, Ohio, has never 
had to shut down its plant for lack 
of material, although such shortages 
formerly caused expensive tie-ups. 
These machines are displacing six 
men and saving $3,902.14 a year in 
wages alone. The operation cost per 
ton is only $0.0732, which represents 
a 54 per cent reduction over the 
former cost. The machines have also 
reduced labor troubles which were 
unusually serious because of the dis- 
agreeable nature of the work they 
have taken over. ; 

This company manufactures sand- 
lime brick and roofing tile. About 
three years ago it installed the 
Barber-Greene loader and an 18-in. 
by 30 ft. portable belt conveyor, 
shown in the accompanying illustra- 
tion, to feed the long, adjustable belt 
conveyor which carries sand and 
gravel from the sand banks into the 
plant. First the material is dug out 
of the bank by the loader and dis- 
charged onto the short, portable con- 
veyor. This discharges onto the long 
stationary conveyor, which carries 





Formerly it required six men with 
wheelbarrows to do this work. 


With these two portable machines 
two men can now keep a supply of 
sand on hand with three or four 
hours’ work. The loader digs the 
sand from the bank and puts it on 
the short portable conveyor which in 
turn dumps it on a long stationary 
conveyor which carries it to the stor- 
age bins. 


the load into the plant and dumps 
directly into the 125-ton storage 
bin. The inclined stationary conveyor 
which elevates the sand into the stor- 
age bin is about 150 ft. long. At the 
foot of this stationary conveyor is 
placed a semi-stationary conveyor 
which is set approximately parallel 
to the face of the sand bank. This 
semi-stationary conveyor is built in 
twelve foot, interchangeable sections, 
each section covered with an “A” 
shaped corrugated Armco iron roof, 
as may be seen in the foreground 
of the illustration. This semi-sta- 
tionary conveyor can be extended or 
shortened by adding to or taking 
away the required number of sec- 
tions; the belt, of course, is short- 
ened or lengthened, as necessary. 
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How the sections are constructed and 
joined together is shown in the 
sketch on the next page. 

The loader operates in connection 
with the 30-ft. portable conveyor and 
moves up or down the bank, cutting 
back the face of the bank parallel 
with the conveyor. When the mate- 
rial in reach of these two combined 
machines is about exhausted, the 
semi-stationary conveyor is moved 
fan-shaped with the lower end of the 
stationary inclined conveyor, previ- 
ously mentioned, as a pivot. In this 
way the digging equipment is always 
kept within a short distance of the 
conveying system. The portable belt 
conveyor permits the operation of 
the loader over a considerable area 
before it becomes necessary to alter 
the length of the stationary con- 
veyor. The outfit normally handles 
150 tons a day, which it can easily 
do in three or four hours. 

Hoppers for guiding the sand or 
gravel onto the conveyor belt are 
placed over the semi-stationary con- 
veyor at any of the sections by re- 
moving the roof on the section and 
substituting the hopper. The base 
timbers of the section are of cypress 
in order to resist the weather. 

As the face of the sand bank is 
quite high, at points being about 150 
ft. above the level of the conveyor, 
it has been necessary to change the 
semi-stationary conveyor only two 
or three times, but as this as a com- 
paratively simple matter, this same 
design could be used on banks that 
are not so high. This semi-station- 
ary conveyor is driven by a separate 
motor so that its angle in relation to 
the stationary inclined conveyor is 
immaterial and it is very easily kept 
in alignment. The fact that the orig- 
inal stitched canvas belt has been in 
continuous operation since Septem- 
ber, 1917, will readily prove this. 
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The cost of operating these ma- 
chines is very reasonable. A con- 
servative estimate of their life is ten 
years. Repairs and maintenance 
have been low; an estimated allow- 
ance for repairs of $100 a year on 
the loader and $50 on the conveyor 
are ample. After three years’ oper- 
ation, the loader is still using the 
original buckets and discs. 

An operator and a helper easily 
handle the two machines, and have 
enough time to look after the sta- 
tionary conveyor. The loader natu- 
rally has to be moved frequently to 
keep it digging in to capacity. The 
portable conveyor also needs occa- 
sional shifting. Detailed costs of 
operation of the loader and portable 
conveyor are given in the accom- 
panying tabulation. 


Cost OF OPERATION OF LOADER 


Depreciation=$2,203.00+10 years 
life 


*Average interest at 7%= 
11 $2,203.00 X.07 


$ 220.30 

















x 84.82 
10 2 ; 
Repairs and maintenance, esti- 
mated 100.00 
Power: 
30 kw-hr. per day X 300 days 
X $0.0275 per kw-hr............ 247.50 
Labor: 
1 operator @ $4.00 per day 
xX300 days=$1,200.00 
1 helper @ $4.00 per day 
x300 days=$1,200.00 
2,400.00 
Total annual operating cost for 
loader 3,052.62 
Cost per day=$3,052.62~300 days 10.18 
Tons handled per year=150 tons 
per day X300 days=45,000 tons, 
Cost per ton=$3,052.62+45,000..... 0.0678 


Cost OF OPERATION OF PORTABLE 
CONVEYOR 


Depreciation=$814.00+-10 years ‘ 














life 81.40 
*Average interest at 7%= 
11 $814.00 X0.07 
— X ———_——.....------- 31.34 
10 2 
Repairs and maintenance, esti- 
mated 50.00 
Power: 
10 kw-hr. per day X300 daysxX 
$0.0275 per kw-hr.................. 82.50 
Labor: 
(included in loader cost) 
Total annual operating cost for 
conveyor $ 245.24 
Cost per day=$245.24+300 days. 0.8175 
Cost per ton=$245.25~45,000 tons 0.0054 





*Allowing for interest credited on de- 
preciation fund. 


How the eighteen-foot, interchange- 
able sections of the semi-portable 
conveyor are constructed. 


The roof is in two divisions, with 
the corrugated iron of one section 
overlapping the other. Sand is fed 
in at any point by removing a roof 
section and placing a hopper in posi- 
tion as shown in the accompanying 
photograph. Stephen-Adamson 20 by 
4 in. return rolls are used to carry 
the belt. A somewhat similar con- 
veyor may be used for the reclama- 
tion of coal. 





These two portable units were in- 
stalled because the management of 
the Crume Brick Company felt that 
the machines would be more satis- 
factory than the six men ordinarily 
required to take the material to the 
semi-stationary conveyor in wheel- 
barrows. The wages of six men would 
amount to $7,200 a year; so the port- 
able machines are saving $3,902.14 
a year, or $0.6868 per ton. 

This saving, however, is of no 
greater importance than the insur- 
ance which the machines give against 
delays in production. Now the ma- 
chines can be operated to capacity 
for a few hours and enough mate- 
rial gotten ahead to last for some 
time. Formerly, working all the time 
it was difficult to get enough mate- 
rial to keep the plant busy and shut- 
downs were frequent. The cost of 


these delays is hard to calculate in 
dollars and cents, but it was too large 
an item to be overlooked: 

The loader and portable belt con- 
veyor were installed by the Barber- 
Greene Company, Aurora, III. 








Using a Combination 
of Lift Truck and Monorail 
to Handle Heavy Rolls of Wire 


N HANDLING materials heavy 

and bulky units give considerable 
trouble because of the space they oc- 
cupy and the difficulty of providing 
suitable containers or grasping de- 
vices. For this reason rolls of 
woven-wire fence had always been 
moved singly on two-wheeled ware- 
house trucks at the plant of the Elliot 
and Reid Company, Richmond, Ind, 
This required a large number of men 
and much hand piling. 

Now the rolls of wire are rolled 
from the last operation at the fence 
machine to a near-by skid or plat- 
form large enough to hold 24 rolls, 
or approximately 4,000 lbs. of wire, 
as shown in the accompanying illus- 
tration. These platforms are lifted 
by a monorail hoist and piled three 
deep as shown. The bottom platform 
is set up on supporting legs high 
enough for a Steubing lift truck to 
slip under. The truck is then ele- 
vated by working the handle until 
the platform and its load are free 
from the supports. It can then be 
pulled to the warehouse or directly 
to the freight cars. If the storing 
in the warehouse is but temporary, 
the load is deposited on supports and 
the lift truck withdrawn. The load 
on this truck as shown totals 11,800 
lbs., or almost 6 tons. Two men ele- 
vate the load easily through the 
multi-lift mechanism and with a 
third man move the load over the 
cement floor with very little difficulty 
after it is once started. This lift 
truck is 60 in. wide by 72 in. long 
and is made by the Steubing Truck 
Company, Cincinnati, Ohio. 





Three men can handle this six-ton 
load of seventy-two rolls of wire. 


Formerly the rolls of fence wire 
were handled one at a time. Now 
they are placed on this platform at 
the machines when finished. A mon- 
orail hoist lifts the platforms and 
tiers them three deep on a lift truck 
which carries them to the car or the 
warehouse. Each platform will hold 
24 rolls; here the top platform is not 
filled completely. 
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How One Industrial Plant 


Handles Scrap Economically 
HE problem of handling iron 
scrap economically and still keep- 

ing the various kinds separate so 
that they can be disposed of to better 
advantage has received considerable 
attention in one large Chicago plant 
manufacturing heavy forgings. Here 
a steel tote box on legs is placed at 
each machine and the borings, turn- 
ings, punchings or sheared ends drop 
directly into the tote box. The legs 
on these tote boxes are of such a 
height as to permit an Elwell-Parker 
power-driven, elevating platform 
truck to slip under, lift the tote box 
and carry it to the scrap storage, a 
distance of over 600 ft. from the 
farthest part of the plant. 

These special tote boxes are placed 
alongside the outside waste storage 
bins. When the loads of waste are 
all out they are dumped into their 
proper bin by a Pawling and Har- 
nischfeger monorail hoist on a trans- 
fer bridge. The hoist is shown lift- 
ing one of these tote boxes in the 
accompanying illustration. The steel 
tote box weighs about 700 lbs. and 
holds, depending on the type of scrap 
in it, about 5,000 lbs., making a total 
load of approximately three tons 
handled at a time. These tote boxes 
are made of 14-in. steel and have an 
axle riveted to each side which. is 
caught by the hooks on the special 
lifting hooks, as shown. This axle 
is slightly off center so that it wiil 
tip as soon as the balancing arm, 
shown in the illustration, is tripped. 
The front of the tote box is on a 
slope to form a lip and empty more 
easily. After emptying, the tote 
boxes are taken back to the shop. 

Some of the bins are open while 
those for turnings and borings are 
roofed over so that they will not be 
exposed to the weather. These roofs, 
however, may be easily removed so 
that the contents of the bins may be 
loaded into a car with the monorail 
on the transfer bridge and a 36-in. 
magnet with a rated capacity of 600 
Ibs., although its actual lift depends 
upon the material; for example, 
about 1,200 lbs. of borings may be 
lifted at a time. The magnet and 
hoist operate on 220-volt direct cur- 
rent which is supplied by a special 
converter. 

This scrap was formerly loaded 
into cars by men with wheelbar- 
rows and required, depending upon 
the material, approximately a day 
and a half for four men to load acar. 
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Part of an industrial transportation 
system which reduced a sixty-men 
gang to twelve men. 

The handling of borings, turnings, 
punchings and sheared ends illus- 
trated here is only a small part of 
the total handling of materials in 
this plant. Another big saving 
through mechanical handling which 
is worth considering lies in the re- 
ducton of accidents. 





Now one man with the monorail 
hoist and the magnet can load a car 
in half a day. 

The Elwell-Parker electric truck 
and the Pawling and Harnischfeger 
monorail hoist are used for this work 
only a small portion of the day; the 
remainder of the time is put in on 
other work about the plant. The 
monorail hoist is used to unload steel 
—a large amount of steel rails is 
used—and through a system of over- 
head I-beam trackage distributes it 
around to yard storage. When this 
monorail hoist is not in use it is run 
into a housing built over a part of 
the I-beam trackage where it is pro- 
tected from the weather. 

The plant was originally laid out 
for doing all transportation by in- 
dustrial railways with the trucks 
pushed by hand. Now gasoline tract- 
ors are used to pull the heavy loads 
on the industrial trackage. Lighter 
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loads of small materials are carried 
on the electric storage battery trucks. 
Before these tractors and storage 
battery trucks could be used, some 
additional cement runways had to be 
placed along the industrial trackage. 
Plank roadways are used out to 
the waste storage as shown here. 
The industrial trackage, however, is 
still in place so that it may be used 
at any time with cars and tractors 
for withdrawing steel from the ad- 
joining yard storage or other heavy 
work. 

Through the entire rearrangement 
of the method of handling materials 
the yard gang was reduced from 
sixty to twelve men. In addition 
accidents were reduced because of 
the reduced hazard through mechan- 
ical handling of heavy rails and 
other steel parts. 

The Elwell-Parker Electric Com- 
pany, Cleveland, Ohio, built the ele- 
vating platform industrial trucks 
used in this installation. The trans- 
fer bridge and overhead yard track- 
age was installed by the Toledo 
Bridge and Crane Company, Toledo, 
Ohio. The monorail hoist was made 
and installed by Pawling and Har- 
nischfeger Company, Milwaukee, 
Wis. 
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Magnet and Locomotive Crane 
Handles Scrap Iron Quickly 
at Low Cost 


ANDLING scrap iron is one of 

the common labor jobs which 
can be done mechanically at a big 
saving in labor cost. With mechan- 
ical handling it is not necessary to 
round up a gang of men even though 
there is only a car or two to be han- 
dled, also the gang is not held idle if 
a few hours elapse between carloads. 
One scrap iron company uses the 
Link-Belt locomotive crane and Cut- 
ler-Hammer electromagnet shown in 
the accompanying illustration for 
this work and eliminates these extra 
gangs. This equipment can load or 
unload, in two hours, a car of 40 to 
50 tons of scrap which would take a 
gang of eight men all day. In addi- 
tion the magnet is used to tear down 
and spread out the pile of scrap to 
facilitate sorting. 

The locomotive crane, made by the 
Link-Belt Company, Chicago, IIl., not 
only hoists and rotates, but also trav- 
els along the standard gage railroad 
track. It is provided with a stand- 
ard draw-bar at each end for cou- 
pling up and moving cars about the 
yard. The 50-ft. boom can lift 3% 
tons at the maximum radius, 50 ft., 
or 20 tons at 12 ft., the minimum 
radius, and proportionate loads at 
intermediate radii. For handling 
large pieces the magnet is detached 
and hooks or chains are used instead. 

The magnet is 42 in. in diameter, 
of rugged construction, developed 
especially for this work by the Cut- 
ler-Hammer Manufacturing Com- 
pany of Milwaukee, Wis., and lifts 
frcm 500 to 1,500 Ibs. of scrap at a 
“bite,” depending upon how tightly 
the scrap is wedged into the car. 

Sometimes a car with strips or 
rods of steel or lengths of cable 
which tangle up from the jolting of 
the car in transit make it difficult to 
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Doing a day’s work for eight men 
in two hours. 

Ordinarily it would take eight men 
all. day to load or unload an 80,000 
to 100,000-lb. car of scrap iron, but 
a locomotive crane and a magnet can 


do it in two hours. The magnet is 
also used to scatter the pile for sort- 


ing. The magnet is weather-proof. 





unload. If badly tangled, the mag- 
net is disconnected and a hook at- 
tached. This tears the steel apart 
so that it can be handled. It takes 
only a moment to change from hook 
to magnet or back again. 

Direct current at 220 volts is sup- 
plied to operate the magnet by a 
motor-generator set which receives 
its current from the 220-volt, a. c. 
Commonwealth Edison distribution 


system. 
——————————— 


Handling Fifteen-Foot Steel 
on a Special Lift Truck 


RDINARILY, elevating plat- 

form trucks cannot be used for 
handling material more than eight 
or nine feet long, as the standard 
truck platform is only about 41% ft. 
in length and the load will tip if it 
overhangs too far. To get around 
this difficulty, plants handling ma- 
terial ten to fifteen feet long use 
industrial lift trucks with an extra 
long platform, as is shown in the ac- 
companying illustration. This spe- 
cial Automatic truck is used at the 
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Robertson Brothers Manufacturing 
Company’s plant in Chicago, IIl., fab- 
ricators of sheet-metal products. 
The platform on this truck is about 
two feet longer than the standard 
truck and will handle material ten 
to fifteen feet long. For this mate- 
rial long skids are used, although if 
the steel is not too light and flexible 
so that it bends easily, short skids 
may be used, as is shown in this il- 
lustration. One of the longer skids 
and its load are shown in the back- 
ground. 

The steel is fabricated in the build- 
ing shown in the distance, piled on 
the skids as finished and then taken 
to the painting department, painted 
and piled back on the skids. These 
skids are carried by this elevating 
platform truck up a long incline to 
the loading platform, a distance of 
approximately 400 ft., and set to one 
side to drip. The truck then takes 
the loaded skid which has been stand- 
ing the longest and runs it up to the 
car door as shown. One man counts 
the steel strips as he pushes them 
into the car, while two mer pile them 
back into the car. At no time is the 
truck held up except to pick up, 
carry and deposit its skid. It makes 
no long waits while loading. When 
loading back in the ends of the car 
the truck takes the skid load inside 
and so eliminates all walking when 
unloading. 

The power driven truck is used 
only for yard work and long hauls. 
The skids are moved short distances 
in the shop by an extra-long plat- 
form Jacklift, hand-operated, elevat- 
ing truck made by the Lewis-Shepard 
Company, Boston, Mass. 

Before this Automatic storage bat- 
tery truck made by the Automatic 
Transportation Company, Buffalo, N. 
Y., was installed for this work, fif- 
teen or twenty extra men were re- 
quired to handle the incoming steel 
and outgoing production on hand 
trucks. Not only are fabricated parts 
handled on this truck, but it also 
moves all incoming steel to storage 
and from storage to the shop. 





With an extra long platform on this 
elevating truck, long pieces may be 
handled easily. 


After taking the loaded skid to the 
car door the truck goes about other 
yard hauling until the men are ready 
for another load. One man pushes 
the steel pieces off the skid to two 
men who pile them back into the 
ear. Pieces ten to fifteen feet long 
can be handled with this special 
truck where ordinary trucks are lim- 
ited to pieces eight or nine feet long. 
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Winding Split- 
Phase Motors 


(Continued from page 235) 


and 7, making clockwise windings 
in all cases. Likewise coils B, C and 
D are all wound in the same direc- 
tion. The dotted lines indicate the 
way the leads are connected together 
to get the right polarity. It is pos- 
sible to eliminate some of the sol- 
dered joints between coils of a hand 
winding by winding alternate coils 
in the opposite direction and not cut- 
ting the wire between coils, as shown 
in C, Fig. 11. Coil A in C of Fig. 11 
is wound in the same direction as 
coil A in A of Fig. 11, but the wire 
is not cut at the finish of the coil in 
C, Fig. 11. It is brought around to 
slot No. 11 of coil B, then across the 
back of the stator to slot 9 and suc- 
cessively through slots 12, 8, 13 and 
7. This coil B is wound counter 
clockwise as indicated by the small 
circles with arrows. Coil C is wound 
in the same direction as coil A and 
likewise coil D is wound the same as 
coil B. This method of winding 
saves cutting the wire and solder- 
ing, and does not require checking 
and grouping of coils later on. 


CONNECTING A SKEIN-WOUND OR 
HAND-WOUND STATOR 


After a winding is in place on the 
stator, the next job is to connect it 
up. An easy way to tell which leads 
connect together is to use what is 
called the “in-and-out” rule. When 
one has learned to apply this rule it 
will not be necessary to use a com- 
pass test for polarity. Fig. 11, dia- 
grams A and B, will help to explain 
this method, which applies to both 
the running and starting windings 





Fig. 14—A special two-speed wind- 
ing and connections for a repulsion- 
type motor. 

The two-speed winding shown in 4, 
B, and C may be connected by means 
of the switch for either two poles 
or four poles. The drawing at 4 
shows the position for two poles, 
which gives the higher speed. This 
diagram shows a parallel connec- 
tion. The diagram B is also a 
parallel connection, but the polarity 
of alternate coils has been reversed, 
and this forms a four-pole conse- 
quent winding, which gives’ the 
lower speed. The starting connec- 
tions remain the same in both cases. 
The relative position of the running 
and starting windings is shown in 
C. At D are shown the connections 
for a repulsion type motor. This is 
a General Electric motor, type Rl 
526-4, 110 to 220 volts, % hp., four- 
pole, single phase, 60 cycles, 1800 
r.p.m. For 220 volts, connect T, and 
T, together, and connect T, and T, 
to the line. For 110 volts connect 
T, and T, to one line and connect 
T, and T, to the other line. The 
armature has a two-circuit wave 
winding. 
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Fig. 183—How the coils are bound 
together with cord after they are 
wound in place. 

This is a %-hp., four-pole, 60-cycle, 


110-volt motor. The running coils 
are hand-wound, while the starting 
coils are skein-wound. 





of either hand-wound or skein-wound 
stators. First, take the running cqils 
and bring out the leads as shown in 
diagrams A or B, Fig. 11. The start- 
ing and finishing leads of each coil 
should be brought out to the same 
side of the stator. The drawing A 
shows how the leads on a skein wind- 
ing will appear. To make sure that 
the leads “a” and “d” belong to the 
same coils test them with a test 
lamp. Then take any convenient lead 
to start with and assume that the 
current is flowing into the coil 
through this lead as is assumed for 
the lead in slot No. 3 of A, Fig. 11. 
Then the current must flow out of 
this coil through the finishing lead 
in slot 7. Now the problem is to 
know which lead and which coil the 
lead in slot 7 should be connected to. 
If the current in slot 7 is “out,” 
then the current in slots 7, 8 and 9 
must also be coming out as shown 
by the arrow. Then the starting lead 
of coil B is “out,” whereas an “in” 
lead is desired to take the current 
coming from eoil A. The lead of 
coil B which is in slot 13 is an “in” 
lead and therefore the lead “d” of 
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coil A in slot 7 is connected with the 
lead “d” of coil B in slot 13. Follow 
this “out-and-in” rule throughout 
and the connections will be correct. 
To state the rule briefly, connect 
an “out” lead to an “in” lead of the 
next adjacent coil. Or it may be 
worded in this fashion: Connect a 
starting lead to a starting lead and 
a finishing lead to a finishing lead. © 
Then if a starting lead is picked out 
for the first lead of the entire wind- 
ing the last lead will also be a start- 
ing lead. The last lead will be a 
finishing lead if a finishing lead is 
picked out for the first lead. With 
a skein winding the leads to the left 
can be called the starting leads. 


DIRECTION OF ROTATION MAY BE 
FOUND BEFORE TRYING MOTOR 


By using the above rule for con- 
necting it is possible to have the 
motor run in any desired direction. 
If a starting coil is connected so that 
it has the same polarity as an adja- 
cent running coil, the rotor will turn 
from the running coil toward the 
starting coil. The reason for this is 
that when connected to the line the 
current in the running coil is at a 
maximum a short time before the 
current in the starting coil is at a 
maximum. This means that the 
shifting or revolving magnetic pole 
produced by a combination of the 
starting and running windings trav- 
els from the running winding to the 
starting winding of the same polar- 
ity. The rotor is dragged around 
in the direction in which this mag- 
netism moves. To test the direc- 
tion of rotation after the stator is 
cennected, a small dummy rotor may 
be made up as shown in Fig. 8. 
Starting and running windings are 
connected to the line as they would 
be in starting conditions and this 
dummy rotor is held inside of the 
stator. It will revolve in the direc- 
tion in which the motor would turn. 
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If it is necessary to reverse the di- 
rection of rotation the starting leads 
should be interchanged. 


CONNECTING VARIOUS TYPES OF 
SINGLE-PHASE MOTORS 


Figs. 11, 12 and 14 show the con- 
nections for various types of single- 
phase motors. In Fig. 12 are ordi- 
nary connection diagrams for motors 
of two, four, six and eight poles. 
These diagrams also indicate the dif- 
ferent methods of connecting the 
starting winding. In all the dia- 
grams the heavy full lines represent 
the main windings and the dotted 
lines the starting windings. The 
small split inner circles indicate the 
centrifugal switch which is in the 
circuit of the starting winding. The 
diagram A in Fig. 12 shows one 
starting coil connected on each side 
of the switch while B shows the two 
coils in series on one side of the 
switch, while a dummy lead is 
brought from the other side of the 
switch. For four-pole motors, the 
diagram shown at F in Fig. 12 is 
probably the best one to use. 

The drawing in D of Fig. 11 shows 
how to connect a small hand-wound 
compensated repulsion-type motor 
(type R I, General Electric motor). 
Note that there is no connection be- 
tween the compensating winding and 
the line. 

The stator of a four-pole single- 
phase (Westinghouse, Type A. R.) 
repulsion-type motor is shown in Fig. 
10. This is a coil-wound machine 
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with a concentric winding of six coils 
in each group. The sixth coil in 
each group overlaps the sixth coil 
in the adjacent group. Six different 
sizes of coils are required, and four 
of each size. Each coil is threaded in, 
starting with the smallest coil, then 
the ends are taped from slot to slot. 
Four leads are brought out for series 
or parallel connections. 

A consequent-pole motor having 
four coils and eight poles is shown 
in B and D of Fig. 11. The diagram 
shows how the coils are. connected 
tcgether to form the consequent 
poles and the winding data is given 
below. A special two-speed wind- 
ing, which may be connected for 
either two poles or four poles is 
shown in Fig. 14, A, B and C. A 
motor of this kind is used on wood- 
turning and dental lathes, etc. The 
drawing A shows the connections 
and the switch position for the two 
poles which give the higher speed. 
The running winding is in two sec- 
tions and eight leads are brought 
out. The starting winding consists 
of three coils as shown, one long 
coil and two short ones. The dia- 
gram A shows a parallel connection, 
while B is also a parallel connection, 
but the polarity of alternate coils 
has been reversed, thus forming a 
four-pole consequent winding which 
gives the lower speed. The starting 
connections remain the same in both 
cases. The relative position of the 
running and starting windings is 
shown in C of Fig. 14. 





Synchronous Motor Troubles 
(Continued from page 217) 
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TESTING THE MOTOR AFTER 
It Is REWOUND 


After a motor is rewound it should 
be inspected carefully and given a 
running test at normal voltage. For 
all rewound small motors used on 
household appliances the writer ad- 
vises a ground test with 900 volts 
alternating current at 60 cycles. 
They should also be tested for short 
circuits and given a polarity test with 
a compass. The troubles most often 
encountered after rewinding are 
grounds due to cells tearing or wire 
being wound accidentally between a 
cell and the iron, cells shifting all to 
one side and short circuits between 
turns caused by too much pounding. 


Protected Motor 


Service 


(Continued from page 228) 

In this installation the convenience 
and protection of the control system 
has been forcibly illustrated on two 
occasions. In one case, one of the 
main fuses of the 2-phase 4-wire 
system blew and left the motors run- 
ning single phase. The switches of 
the individual motors were opened 
almost instantly by the “therma- 
load” relays and the motors stopped. 
The machine operators in the plant 
being more or less unfamiliar with 
electrical characteristics, tried anum- 
ber of times to start the motors 
without first investigating the cause 
of the trouble, but each time the at- 
tempt was made the relays again 
operated and opened the switches un- 
til finally they became convinced that 
something was wrong. An investi- 
gation (Continued on page 262) 








SYMPTOM TROUBLE 
buzzing sound which} or group. 
remains constant in|B Open circuit. 
volume, 


might cause a heavy 
current to flow in the 
grounded phase de- 
pending on what part 


of the winding the 
ground Pricer 5 in. 


group. 


10 Motor issues a harsh|A Short circuited coil/Same as for symptom No. 8. 


Same as for symptom No. 8 or due to a short circuit 
which would burn out the coil and cause an open 
circuit. 

C Grounds. One ground|Dampness or same as for symptom No. 8. 


D Reversed coil or|Due to wro 
A reversed : c 
from starting, coming up to speed or running. 


CAUSE 


coil or group will not prevent a motor 


Same as for symptom No. 8. 


Same as for symptom No. 8. 


Remove ground as soon as possible by lifting affected coil 
and reinsulating. One ground is not serious but is liable to! 
cause others, and two grounds in the same motor is a 
short circuit. 


connection during the making of repairs.|'Test with low-voltage direct current and a compass, and 
change the connections on the reversed coil or group. 


REMEDY 





11 Motor trips its cir-|A Surge on line. 
cuit breaker and 
shuts down although 
the induction motors|B Low voltage. 


while motor is carry- 
ing a heavy mechan- 
ical load 


remain running. 


A’ Momentary high voltage due to speeding up of 
alternator. 

B Lighting discharge during a storm. 

Momentary slowing down of alternator. 

on the same system|C Excitation ceases|A Open circuit between exciter and motor field. 


B Exciter not operating. 


No remedy. Voltage usually rights itself in a few seconds, 
when motor can be again started. 


Same as above. 

If exciter voltmeter gives a reading the trouble is either in 
the motor field, in the motor field rheostat or in the wiring 
connecting the exciter and motor field. 

If exciter voltmeter does not give a reading the trouble is in 
the exciter. 
and exciter field rheostat. 


Examine the brushes, field coils, armature’ 





wling sound easily} magnetic center. 

istinguished from 
those_ mentioned 
above and motor acts 
as if overloaded al- 
though direct-current 
meters show no over- 
excitation. 











12 Motor issues a loud/Rotor out of stator|A Motor not level. 
B Shaft collars shift 1. Too great end play of shaft. 





Level motor bed plate. 


Adjust collars for proper end play (the cores of synchronous 
motors are narrow in comparison with induction motors). 
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When Welding 


Iron and Steel 


(Continued from page 226) 


pertion of the first layer. Ifthe joint 
must be steam, water or air tight, it 
may be necessary to caulk the weld 
to close the imperfections, or in the 
case of vessels of very thin sections, 
compounds are sometimes used to fill 
these flaws. 

Since cast iron is so brittle that it 
will break before it will elongate 
(stretch), it is necessary to consider 
the expansion and contraction effects. 
When the metallic arc is used, in ad- 
dition to employing a small electrode 
and low current value, welding should 
be done in sections, completely fin- 
ishing each section before starting 
another. 

In order to minimize the chances 
of failure between the fused-in metal 
and the cast iron, wrought iron studs 
are often screwed into the casting 
on both sides of the fracture. This 
provides a ductile metal through the 
hardened section. Generally, cast 
iron welds should be rather wide, in 
order to insure sufficient strength at 
the union between the added and the 
original metal. 

Where it is found necessary 
to machine one side of the weld, 
often the welding is not extended 
entirely through the section, but on 
the side to be machined a dovetail 
groove is formed, into which is 
peened copper or some other soft 
metal for a slight depth, the remain- 
der of the section being filled and 
joined by fused-in metal. The groove 
may also be filled by using a low 
melting point electrode material, such 
as copper, nickel and some grades of 
bronze. This practice is extensive 
in automobile plants, where pure 
nickel electrodes are used for cor- 
recting flaws in engine cylinders by 
laying down new metal. 

When welds of this kind are made, 
preparatory to welding the casting 
is completely or partly preheated, 
depending upon whether or not the 
parts oppose free play, in order to 
prevent rapid cooling and breaking 
from contraction strains. As silicon 
assists the precipitation of the car- 
bon and manganese opposes it, a spe- 
cial low manganese and high silicon 
filler rod is used. In addition to 
destroying impurities and oxides 
formed during welding, the use of a 
cleaning flux or a coated electrode 
is necessary. 
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Where the weld area must be com- 
posed of the same metal as the orig- 
inal part, 7. e., gray cast iron, the 
conditions for welding must be very 
similar to those used in making cast 
iron. The surfaces to be joined must 
be brought to a molten condition, 
and molten cast iron from a filler 
rod added to form a continuous cast- 
ing of the same kind of metal. All 
precautions should be taken for slow, 
uniform cooling to allow precipita- 
tion of the carbon from a combined 
state, as it exists in the molten cast 
iron, to a graphitic state in the fin- 
ished weld, in order that the latter 
may be soft and machinable without 
difficulty. 

The casting should be maintained 
at or near a red heat during weld- 
ing. This usually requires the part 
to be covered over with charcoal and 
the sides of the part protected by 
some form of refractory material as 
firebrick or asbestos. When the weld 
is completed the part should be al- 
lowed to cool very slowly, sometimes 
as much as twenty hours. This pro- 
cedure allows the weld to be com- 
posed of metal as nearly equal to the 
original casting as is possible. Since, 
however, some of the elements of the 
part and of the added metal are de- 
stroyed by combustion and volatiliza- 


‘tion, the weld will be only approxi- 


mately the same as that of the orig- 
inal part. 

Some progress has recently been 
made in the welding of cast iron 
with the metallic arc process, using 
a coated cast iron electrode known 
as grade No. 11 and furnished by 





This illustration shows how a leak- 
ing seam in a Vanderbilt tank was 
closed by welding. 
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the Transportation Engineering Cor- 
poration, although preheating and 
slow cooling are necessary with this 
method, as with the oxy-acetylene 
process. The weld will be composed 
of cast iron of machinable quality. 
Further perfection of the welding of 
cast iron by this method is looked 
forward to with much interest, as 
the use of the arc process for this 
class of work will prove advantageous 
in many instances. 

Welding Semi-Steel.—The same 
precautions and methods as those 
employed with cast iron should be 
taken in welding semi-steel. The 
amount of combined carbon is usu- 
ally more in gray cast iron, while the 
amount of carbon as graphite is gen- 
erally less. The effect of this dif- 
ference from a welding standpoint is 
that semi-steel is more susceptible to 
the hardening produced by quick 
cooling from temperatures below 
fusion. 

Welding White Cast Iron.—This 
metal cannot ordinarily be welded, 
due to strains produced by the local- 
ized heat of the welding process. An 
example of the effects of localized 
heating on such metal is found in 
the case of chilled car wheels, where 
pieces often shell out, due to localized 
heating caused by wheels sliding on 
account of brake application. While 
there may be some cases where the 
welding process could be applied for 
building up a worn surface of a 
chilled iron casting, owing to its ex- 
treme uncertainty, such welds should 
be limited to cases where failure 
would result in no serious damage to 
life or property. 

Welding Malleable Iron.—In the 
outer portion, malleable castings of- 
fer but little more difficulty in weld- 
ing than in the case of mild steel. 
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The heat value used should be suffi- 
ciently low to limit the depth of fu- 
sion to the softened section, which 
extends only for a slight depth, often 
not more than 1/16 in. Even then 
the deposit may be slightly hard, be- 
cause in some castings the decarbon- 
ized section is so thin that the fusion 
unavoidably extends through into 
the core. Such castings should be 
annealed before machining. 

When the welding extends into the 
core the difficulties encountered are 
practically the same as in welding 
cast iron, as the carbon in the core 
will cause the formation of a hard 
and brittle line. Therefore, the weld- 
ing of malleable castings requires 
practically the same methods and 
procedure as employed in gray cast- 
iron welding, and wrought iron studs 
should be used to reinforce the union 
between the added and original metal. 

Welding Wrought Iron.—lIn arc 
welding, wrought iron can usually 
be distinguished by the fluidity of 
the metal, caused possibly by the 
fluxing action of the slag which it 
contains. The slight tendency of the 
metal to run when welding in posi- 
tions other than flat requires a little 
more effort on the part of the oper- 
ator than in welding mild steel. 
There are practically no bad effects 
produced on the structure by the 
heat of the welding process. 

Welding Cast Steel—When of the 
ordinary composition and without 
special heat treatment, no unusual 
difficulties are encountered. With 
parts of considerable thickness the 
main body of the material absorbs 
the heat so fast that a quenching ac- 
tion results on the metal which is 
adjacent to the weld and is heated 
above the critical temperature. This 
part will, of course, be made hard if 
the carbon content is more than two- 
tenths of 1 per cent. The strains and 
stresses set up by the quenching ac- 
tion and hardened structure are se- 
vere and where the hardness is great 
they may cause failure in a short 
time, especially under vibratory 
stresses. For service of this nature 
the parts should be thoroughly an- 
nealed to remove the hardness and 
relieve strains produced by welding. 
When annealing is not practicable, 
medium or high-carbon steel parts 
should be preheated and welded while 
hot, to minimize the effects of the 
welding operation on the base metal. 

Sections of medium carbon steel 
up to approximately 5% in. thickness 
are not susceptible to structural 
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changes which cause hardness, be- 
cause the metal heated above the 
critical temperature will not be 
cooled sufficiently quickly to produce 
a quenching action. 
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“Saine Steel. Use to Remove Scale. 





A roughing tool like this is useful 
for loosening scale. 

It is made of %-in. octagon steel. 
The upper end may be turned off 
round to permit using the tool in an 
air hammer. 





Welding of Steel Plates, Shapes 
and Forgings.—The problems met in 
the welding of steel which has had 
mechanical treatment are practically 
the same as those met in the welding 
of cast steel, so far as the effects of 
the heat are concerned. In the weld- 
ing of such parts it must be remem- 
bered that the metal in the original 
part is physically superior, due to 
the mechanical treatment, while the 
weld is composed of metal in cast 
form. In forming joints between 
plates and shapes, this difference in 
physical character is partly or totally 





$ 
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This locomotive frame was broken 
in two places and successfully re- 
paired by are welding. 

A good deal of skill and care are 
required in welding these parts to 
make a weld which will withstand 
the severe service to which it is sub- 
jected and to avoid producing stresses 
or distortion by contraction. To 
compensate for the contraction of 
the added metal, the edges, prior to 
welding, should be forced apart \% 
in. to 3/16 in., depending on the size 
of the frame, heat and method of 
welding. Also the free space be- 
tween the frame points should be 
greater at the end toward which the 
welding progresses. 
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compensated for by increasing the 
area of the weld section over that of 
the part welded. Where this is done 
the tensile strength can in most cases 
be made equal or even superior to 
that of the original part, provided 
the weld is properly made. The 
structure of plates and shapes of the 
composition of light cast steel sec- 
tions will not be seriously affected 
adjacent to the weld on parts up to 
at least 54 in. thickness. 
Investigation of welds made on 
steel parts of considerable thickness 
such as piston rods, crank pins and 
axles, show that the steel adjacent 
to the fused-in metal is affected by 
the heat in the same manner as de- 
scribed in the case of cast steel weld- 
ing, by the transformation of the 
physical structure from a normal to 
a hardened condition, due to sudden 
cooling of the metal heated above the 
critical temperature. Heavy parts 
which are subjected to vibratory 
stresses should therefore, when weld- 
ed, be thoroughly annealed afterward. 
For general repair work on 
wrought iron, plates and shapes, and 
steel castings the electric arc process 
is superior to any other welding 
process owing to its low cost and 
ease of application. The initial cost 
of the are welding plant is consider- 


- ‘ably higher than that of the oxy- 


acetylene plant, but as a general 
proposition, where there is enough 
repair work to be done to require 
the operation of one oxy-acetylene 
flame three hours per day, the in- 
stallation of the are apparatus will 
show a substantial yearly saving 
considering installation cost. When 
it is considered what a large number 
of metal machine parts come under 
the above repair classification, the 
wide possibility of applying the 
process is obvious. This, of course, 
is neglecting the application in the 
manufacture of machine parts. 

Are welding offers many possibil- 
ities but unless much care is taken 
to see that it is intelligently used, 
disappointment and loss are liable 
to result. In particular, when parts 
which have within them possibilities 
of death and destruction are welded 
by any process, too many precau- 
tions cannot be taken to insure the 
highest quality of work. 

[Acknowledgment is made that 
some of the illustrations used in this 
article were taken from the book, 
“Electric Arc Welding,” by E. Wana- 
maker and H. R. Pennington, pub- 
lished by the Simmons-Boardman 
Publishing Company.—Editor.1 
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Bosses in the Office 
And in the Shop 


Was the Viewpoint in Discussions of 
Industrial Plant Problems at the Meeting of the 
Society of Industrial Engineers in Detroit Last Month 


By FRANK E. GOODING 


Associate Editor, Electrical Review and Industrial Engineer 


HE GENERAL topic under 
discussion at the eighth na- 
tional convention of the So- 
ciety of Industrial Engineers, held 
at the Hotel Statler, Detroit, Mich., 
April 26 to 28, was “The Influence 
of Industrial Engineering on the 
Earnings of Capital and Labor.” 
Every session brought out practical 
viewpoints since all of the scheduled 
speakers were men engaged in actual 
production or the management of 
industrial plants. Another practical 
and profitable feature of the pro- 
gram, which is an established prac- 
tice of the Society, was the devotion 
of forenoons to trips through De- 
troit’s largest industrial works. The 
afternoons were devoted to short pa- 
pers and round-table discussions, 
while the heavier papers and ad- 
dresses were left for the evening 
meetings. 

As this was the first meeting of 
the Society since the publication of 
the report of the Committee on 
Elimination of Waste in Industry, 
that report was naturally referred 
to frequently. One widely quoted 
sentence of the report served as the 
basis for much of the discussion. 
This sentence reads: “Over 50 per 
cent of the responsibility for these 
wastes can be placed at the door of 
management, less than 25 per cent 
at the door of labor, while the 
amount chargeable to outside con- 
tacts is least of all.” In the com- 
mittee’s report, the term manage- 
ment included anyone in an organi- 
zation who has the direction or 
supervision of men or operations, 
from the president down to the sub- 
foreman, or gang-boss. 

In searching for some means to 
aid management to reduce its pro- 
portion of waste, the President of 
the Society, Joseph W. Roe, Head of 


the Department of Industrial Engi- 
neering, New York University, and 
formerly connected with the Pierce- 
Arrow Motor Car Co., took as the 
subject of his address, ‘“‘The Meas- 
urement of Management.” At pres- 
ent, practically the only measure- 
ment of management is profit. Pres- 
ident Roe set up several criterions 
which will serve as a basis for 
further investigations which are to 
be carried on by a committee. 


THE GROWTH AND TREND OF 
INDUSTRIAL ENGINEERING 


In his paper on “How Industrial 
Engineering Serves the Factory 
Manager,” Karl Wennerlund, Indus- 
trial Engineer, General Motors Cor- 
poration, Detroit, spoke of the 
growth and trend of Industrial En- 
gineering. Time and motion study 
for rate settings were the earliest 
development. This, however, quickly 
showed the need of another like de- 
velopment—that is, the development 
of machinery which would permit 
greater speed and better operation, 
better designed tools, heavier belting 
and machines, speeding up of shaft- 
ing or individual drive, and an in- 
crease in bearing area. With higher 
speeds, and increased belt tension, 
together with the more complicated 
machinery, there came another prob- 
lem—proper maintenance—which in- 
dustrial engineers have found vitally 
interesting. 


$2,700,000,000 Lost ANNUALLY 
THROUGH FATIGUE IN 
INDUSTRY 


“Unnecessary tiring of workers 
by uncomfortable benches or chairs, 
or no chairs at all, and other ‘indus- 
trial scourges to spirit’ costs Amer- 
ican industry $2,700,000,000 annual- 
ly, estimated on a basis of 20 cents 
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a day for each of the 45,000,000 
workers in the United States,” ac- 
cording to Frank B. Gilbreth, chair- 
man of the national committee for 
the elimination of fatigue in indus- 
try, who has made an extensive study 
of the subject. “The American work- 
bench is like a coffin,” he continued. 
“The man who makes it doesn’t want 
it, the man who buys it doesn’t use 
it, and the man who uses it hasn’t 
a word to say about it. The trend 
of industry is getting away from 
this. We are now making laboratory 
tests of tables, chairs and footrests 
of adjustable heights, and ultimately 
industrial plants will fit working con- 
ditions to the individual and not 
compel the individual to fit himself 
to the working conditions.” 

The committee on elimination of 
fatigue is now recommending the 
painting white of every industrial 
toolroom in the United States. 

“White paint is a little cheaper, 
but white walls have to be repainted,” 
said Mr. Gilbreth. “Of course, black 
paint, some niggardly manufacturers 
say, doesn’t show the dirt like white 
paint, but they can’t kid themselves 
that black walls aren’t dirty because 
they happen to be black. Look at the 
dark for a while and the pupil of 
your eye gets larger; look into the 
light and the pupil gets narrower, 
like an Indian’s. Changing from one 
to the other is one of the quickest 
ways to tire the worker. 

“Workers slow down, naturally, 
when tired. We spend one-third of 
our time in bed, one-third at work, 
one-third at play. Then why should 
we not have a first-class work place? 
Industry has thought too long that 
it was sufficient to give a worker a 
place to work and has given little 
consideration to making the place 
comfortable for the particular indi- 
vidual working there.” 

Gilbreth visited Prague last month 
upon the advice of the American 
minister of Czecho-Slovakia. The 
Masaryk Labor academy, Mr. Gil- 
breth reports, is at present conduct- 
ing conferences where college pro- 
fessors, scientists and workers are 
siting about the same table trying to 
find the one best tool for each piece 
of work. 

While discussing fatigue, Yoichi 
Uyeno, chief director of the Institute 
of Industrial Psychology, Tokio, 
stated that Japanese scientists had 
discovered that while fatigue in- 
creases in arithmetical progression, 
it recovers by geometrical progres- 
sion. As a result, rest periods had 
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been introduced in some Japanese 
factories in both forenoon and after- 
noon for recovery from fatigue. In 
addition, gangs of men on similar 
work were chosen so that men of 
about the same natural speed were 
put together. By developing the in- 
stinct of rivalry, an increase in pro- 
duction of approximately 35 per cent 
has resulted. 


PRACTICAL DISCUSSIONS ON THE 
CONSERVATION OF MATERIALS, PLANT 
AND EQUIPMENT AND LABOR 


Friday afternoon was given over 
to fifteen-minute talks by workmen 
and by production managers on the 
conservation of materials, of plant 
and equipment, and of labor. In this, 
Anthony Fritz, Penberthy Injector 
Company, Detroit, Michigan, empha- 
sized the need of the protection of 
the surface of materials to prevent 
corrosion and waste. He mentioned 
that the U. S. Bureau of Mines esti- 
mates that one million tons of metal 
are lost yearly through corrosion. 
Too much attention cannot be given 
to the preparation of metal when it 
is to receive any anti-corrosive pro- 
tection covering. In contrast, Mr. 
Sawin, Federal Rubber Co., Cudahy, 
Wis., told how his organization at- 
tacks the conservation of material 
problem from an entirely different 
aspect, devoting the larger propor- 
tion of the attention to the supervi- 
sion of manufacturing processes. 
A plan is in effect in this plant 
whereby each general foreman and 
assistant foreman receives, in addi- 
tion to his salary, a bonus based on 
the following factors: (1) Percent- 
age of seconds; (2) cost of repairs 
to products; (3) percentage of waste, 
(4) departmental unit cost of pro- 
duction; (5) amount of power used, 
and (6) direct overhead costs. 

The direct result of this better 
supervision policy has been a saving 
of over $400,000 in the first year. 

In discussing the conservation of 
plant and equipment, L. H. Low of 
the Ford Motor Company, empha- 
sized that in his opinion the most 
important point lies in efficient plant 
layout and arrangement. 

Next in importance to the layout, 
come the machines. The policy of 
the Ford Motor Company is inter- 
esting along this line. Quoting Mr. 
Low: “No machine is put on pro- 
duction before the superintendent of 
machine repairs has inspected the 
- oiling system. Strangely enough, 
most machine tool manufacturers 
consider the oiling system of minor 
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importance. We have received nu- 
merous machines equipped with 
small, spring-capped oilers which 
would not hold sufficient oil to keep 
the machine from running hot for 
ten minutes. Sight-feed oil cups of 
large capacity on small machines are 
most satisfactory. On large ma- 
chines a central oil tank with indi- 
vidual lines running to each of the 
several parts, each line having a 
sight feed, such as the motorcycle 
feed, is the proper equipment. These 
oil systems often run into money but 
are well worth their cost. Do not 
make the mistake of putting one 
sight feed between the tank and 
header and none on the individual 
lines, as this will end in disaster to 
the machine. At the Ford Motor 
Company, the oiling of the machine 
is not left to the operator, but is 
taken care of by a man who does 
nothing else. However, the oper- 
ator is also responsible for the ma- 
chine and shuts down or notifies the 
oiler when he believes it necessary. 

“Small repairs should be attended 
to immediately, for they prevent 
excessive wear. A department of 
some 60 men is maintained to repair 
small tools, such as Yankee screw- 
drivers, shears, boots, founder’s 
shoes, etc. Last year we completed 
a conveyor which brings castings and 
forgings to the machine shop from 
the foundry and heat treat. This 
conveyor does away with 150 trucks 
which were much more costly to 
maintain than is the conveyor.” 

In discussing the same subject, 
Emil J. Schmidt, Sewell-Clapp En- 
velopes, Chicago, emphasized the ne- 
cessity of attention to the details of 
maintenance and operation to get a 
smooth running organization. Ac- 
cording to Mr. Schmidt: “A smooth 
running plant is no accident. When- 
ever we find a clean, orderly plant 
with little confusion, you can be sure 
there is good management behind it, 
and where we find such a condition 
we know that the manager is in- 
telligent enough to make sure his 
equipment and plant are kept up. 

Mr. Schmidt emphasized that 
maintenance standards should be set 
up based on a definite policy, which 
should include performance, main- 
tenance expense, and also standards 
and supervisions. In organizing the 
maintenance work, the management 
should be sure that: (1) The re- 
sponsibility is definitely fixed, (2) 
specialization of maintenance func- 
tions are clearly recognized, and, (3) 
adequate equipment is provided. 
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How EvERY WORKMAN HELPS 
TO SELL THE PRODUCT 

A fitting conclusion to these meet- 
ings was the interesting talk by 
Norval A. Hawkins, Director of 
Sales-Advertising-Service, Advisory 
Staff, General Motors Corporation. 
Mr. Hawkins has some most inter- 
esting ideas as to who are the real 
and best salesmen of a _ product. 

“I believe the best salesman we 
have is the workman who takes pride 
in his task and who builds that pride 
into our product. The salesmen who 
meet the public and get the orders 
are not nearly so important to the 
success of our business as the sales- 
men in overalls who really love their 
work of making our products good 
products. The best salesmanagers in 
the world cannot make a permanent 
success of marketing a product in- 
differently manufactured by employ- 
ees who have no pride in their work.” 

Mr. Hawkins went further and 
emphasized the necessity of those 
who have charge of workers im- 
pressing those under them with the 
importance of opening their eyes and 
seeing beyond the machine, outside 
the factory to the customers who wil! 
use what they make. If they become 
interested in the people who will buy 
their product—the men who actually 
meet the payroll—they will do better 
work because they are performing 
an actual service for the user. A 
factory can operate only when sales 
are made, and the worker should be 
made to realize this as fully as the 
salesman, for without the sales the 
payroll must cease and the factory 
must stop—his job must end. Ordi- 
narily, the salesman in his work says 
“we” when he refers to the company. 
The worker, on the other hand, says 
“they.”” When the worker feels that 
he is an actual part in the produc- 
tion and sales of the product, he, 
too, will say “we.” When that hap- 
pens, much of the industrial problem 
will disappear. 

An exceedingly important part of 
this convention was the inspection 
trips which gave an opportunity to 
see how other organizations were 
meeting their problems of produc- 
tion and operation. Among the 
plants open for visitation were Ford 
Motor Co., Detroit Steel Castings 
Co., Cadillac Motor Car Co., Central 
Forge Co., Detroit Vapor Stove Co., 
Detroit Pressed Steel Co., Burroughs 
Adding Machine Co., and the Hudson 
Motor Car Co. The next meeting of 
the Society will be held in New York 
City in October. 
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Automatic Transportation Company, 
Buffalo, N. Y.—Numerous illustra- 
tions showing installations of electric 
storage battery trucks, tractors and 
engines are given in a booklet, “Effi- 
cient Interplant Transportation,” is- 
sued by this company. These ex- 
amples indicate the range of indus- 
tries where this type of industrial 
transportation may be used and offer 
suggestions which may be useful in 
solving other material handling 
problems. 

Cote Bros. Mig. Corporation, Chicago, 
Ill—A folder entitled “Simplicity 
Fuses” has just been issued describ- 
ing the new refillable fuse of that 
name, whose outstanding character- 
istic is its simplicity of operation. 
This fuse consists of only two parts 
and the tiny refill cartridge. The 
salient features are consistent opera- 
tion over a very long life. 

Green Equipment Corporation, Monad- 
nock Block, Chicago, Ill—A recent 
booklet describes the Aurand com- 
mutator slotter. This is a hand-oper- 
ated machine comprising a small uni- 
versal motor driving a 1%4-in. circu- 
lar saw through a suitable gear re- 
duction. 

Sangamo Electric Company, Springfield, 
Ill—A locomotive type ampere-hour 
meter for use on _. battery-driven 
trucks, mine locomotives and the like 
is described in Bulletin 58, super- 
seding Bulletin 50. This meter indi- 
cates at all times the state of charge 
or discharge of a storage battery and 
automatically terminates the charge 
at the proper time. 

Hutchinson Manufacturing Company, 
Norristown, Pa.—A folder describing 
a new woodworking machine is being 
distributed. This device is motor- 
driven and portable and is designed 
for performing 15 different wood- 
working operations. 

J. D. Wallace & Company, Chicago, III. 
—A leaflet which is being distributed 
describes a portable band saw which 
has been developed by this company. 
This machine is 5 ft. 9 in. in height 
and occupies a floor space 15 by 29 
inches. It is driven by a General 
Electric %%4-hp. ball-bearing motor 
and can be operated from an electric 
light circuit. 

Payne Dean Limited, 103 Park Avenue, 
New York City—Bulletin 43-A has 
recently been issued and describes 
the Dean valve position indicator, 
water level indicator, mechanical 
valve opening indicator and constant 
level control. These units of equip- 


ment are used with the Dean system 
of remote and automatic control of 
pumping stations and reservoirs. 


Hot Flo Electric Company, 533 Seventh 
Avenue, New York City—Recent lit- 
erature describes an instantaneous 
electric water heater for connection 
to a faucet. This heater is of par- 
ticular value industrially where hot 
water in comparatively small quanti- 
ties is wanted intermittently. This 
runs hot or cold water from the same 
faucet. 


Westinghouse Electric and Manufactur- 
ing Company, East Pittsburgh, Pa— 
Descriptive literature is being dis- 
tributed on a new type of manually- 
operated, non-automatic, single-throw 
gap switch for outdoor service, re- 
cently placed on the market. 


The Janette Manufacturing Company, 
556-558 West Monroe Street, Chicago, 
Ill.—A folder entitled “Janette Auto- 
matic Electric Air Compressors” de- 
scribes the small portable and sta- 
tionary units manufactured by this 
company. The type “E” compressor 
is a single cylinder outfit weighing 38 
lb. The “EE” unit has two cylinders 
giving twice the capacity of the other. 
The “National” type comprises one 
of the foregoing mounted on an air 
storage tank provided with air reduc- 
ing valve and gauges. The working 
parts of all of these units are in- 
closed, with noiseless gears runninz 
in oil. They are provided with an 
automatic switch which can be set as 
desired and are designed for operat- 
ing blast lamps, air brushes, small 
furnaces and numerous other similar 
industrial services. 

Black & Decker Manufacturing Com- 
pany, Towson Heights, Baltimore, Md. 
—A miniature catalog covers various 
portable electric tools such as port- 
able drills, screw drivers, socket 
wrenches and grinders. 


Kales Stamping Company, 1659 West 
Lafayette Boulevard, Detroit, Mich.— 
A four-page leaflet gives a list of 
sizes of special washers in any gage 
and any material. 


0. C. White Company, Worcester, Mass. 
—A recent catalog describes the 
many adjustable electric light fix- 
tures manufactured by this company. 


Pennsylvania Pump & Compressor Com- 
pany, Easton, Pa.—Form 102, super- 
seding 101, has recently been issued 
describing belt and steam -driven 
types of air compressors and vacuum 
pumps. 

McGill Manufacturing Company, Val- 
paraiso, Ind.—A circular describes 
the Levolier fixture switch. This is 
a very small unit designed for use on 
canopies, ceiling pans, wall brackets 
and other fixtures. It is furnished 
with a 2-in. chain, connector and 10- 
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ft. cord with ball, and will take up 
to No. 14 wire from the top or sides. 


Page Steel & Wire Company, Bridge- 
port, Conn.—Catalog No. 500 is a new 
handbook describing Page-Armco 
welding rods and electrodes of Armco 
ingot iron for oxy-acetylene and elec- 
tric welding. In addition, numerous 
tables and other data, including speci- 
fications for electrodes of the Ameri- 
can Welding Society, make this a use- 
ful handbook for industrial men in- 
terested in welding. 

The Merrill Company, Ipswich, Mass.— 
A leaflet is being distributed describ- 
ing and illustrating “Merrico” outlets. 


Cowan Truck Company, 7 Water Street, 
Holyoke, Mass.—The Cowan steel- 
frame, lift-truck skid is described in 
a recent bulletin. This skid is made 
of yellow-pine planks riveted and 
bolted to a steel frame with malleable 
iron legs. 





Protected Motor Service 
(Continued from page 257) 


then revealed the blown fuse. The 
second case occurred when one of 
the gears of a rolling machine broke 
and the machine jammed. The over- 
load caused the relay to operate, open 
the switch and stop the motor. The 
operator, not knowing of the trouble, 
tried several times to start the ma- 
chine, each time without success, un- 
til finally it was brought to his atten- 
tion that the reason for the failure 
of the motor to start was because 
of the broken and jammed machin- 
ery. In both these cases were it not 
for the protection afforded, the mo- 
tors might have been seriously dam- 
aged before the real cause of the 
trouble was discovered. 

The replacement of steam drive by 
this electrical installation has not 
only improved conditions of the plant 
as a whole, eliminated noise, dirt 
and confusion, but it has also in- 
creased the production capacity. 
Heretofore the capacity was thirty- 
five tons of springs per month—it 
is now more than forty-two tons per 
month. The individual springs for 
pleasure cars weigh from 17 lb. to 
70 lb. and for trucks from 40 lb. to 
320 Ib. In addition to the increased 
production capacity, there has been 
a considerable saving in time, labor, 
materials for repairs, etc. The econ- 
omy of the change is evidenced in 
many other ways. Departments are 
now independent, work can be per- 
formed outside of regular business 
hours without increased cost, and it 
is no longer necessary to start up the 
entire plant when a small rush re- 
pair job is ordered. 








